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SYNOPSIS 

As previous methods for the analysis of anode slimes have required lengthy separations, instrumental 
procedures were developed that require no preparation of the sample or only simple procedures such as 
acid digestion and fusion. Comparative values for various techniques are given. Methods for the analysis of 
process solutions and beneficiation products are examined, and the procedures that have been adopted, 
together with their relative merits and applicability, are discussed. 

SAMEVATTING 

Aangesien die vroeere metodes vir die ontleding van anodeslyk omslagtige skeiding vereis het, is daar 
instrumentprosedures ontwikkel wat geen voorbereiding van die monster vereis nie, of slegs eenvoudige 
prosedures soos vertering met suur en saamsmelting. Vergelykende waardes vir vorige tegnieke word 
verstrek. Metodes vir die ontleding van prosesoplossings en die produkte van veredeling word ondersoek 
en die prosedures wat aanvaar is, asook hul onderskeie verdienstelikhede en toepasbaarheid, word 
bespreek. 
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1. INTRODUCTION 
The analysis of anode sludges is complicated by the fact that as many as fourteen elements may have to 

be determined. They can be present in major or minor concentrations, and the determination of elements 
such as selenium, tellurium, arsenic, and antimony is particularly difficult. The elements that can be found in 
anode slimes, and the maximum concentrations in which they occur, are givi.i in Table 1. Because of the 
beneficiation programme being undertaken at the National Institute for Metallurgy (NIM), products such 
as lead chloride and silver chloride cakes, and selenium, tellurium, gold, platinum, and palladium metals are 
recovered. As a consequence, the analysis of these metals, as well as of a variety of process solutions, is 
required. In the metals, impurities may be present in concentrations of from 1 to 600 p p.m. The 
concentration of the elements in the cakes and process solutions can also vary very greatly. 

TABLE 1 

Laments present in anode sludges 

Maximum 
concentration 

% 

Elements 

Maximum 
concentration 

% 
Sludge 

Process 
solutions 

40 

5 
1 

0,02 to 0.5 

Ag, OJ, Pb, Sb, Se, 
Si, Sn 
As, Fe. Ni, Te 
Bi. Ca, Zr 
Au, Pt, Pd 

Se 
Te. Cu 
Pb. Sb, Ag. Pd. Pt 

To date, two papers by Young on the analysis of anode slimes represent the major v ontributions in this 
field. The first paper' deals with chemical procedures for the analysis of a range of elements, and in the 
second-, separation procedures are proposed by which the separated constituents are determined by 
atomic-absorption spectrophotometry (A AS). The procedures are lengthy because of the requirement that 
the constituents be separated, and they demand a high level of skill if a satisfactory outcome is to be 
obtained. 

Some anode slimes are analysed at NIM by X-ray-fluorescence spectrometry (XRF), and some process 
solutions by AAS. In this report, further developments in the analysis of anode slimes, the associated 
recovered metal, and process solutions are described. 

2. ANALYSIS OF ANODE SLIMES 
2.1. Preparation of Samples 

In both the AAS and the optical emission spectrographs (OES) procedures, the sample (0,3 g to 0,5 g 
for the former procedure, 0,2 g for the latter) is fused at a dull-red heat in a zirconium crucible with sodium 
peroxide or a mixture of sodium peroxide and sodium carbonate. For the AAS procedure, the melt is 
leached with 50 ml of 50 per cent (v/v) hydrochloric acid (relative density 1,19), and the volume is made up 
to 100 ml. If the silver content is high, 10 ml of diethylene triamine (DETA) at a concentration of 500 g/1 
and 5 ml of concentrated hydrochloric acid are added before the solution is made up to volume. For the 
OES procedure, the solution of the fused melt is maintained at a high level of acidity to keep the silver in 
solution. DETA is added only if the concentration of silver is very high. The melt is leached with 60 ml of 50 
per cent (v/v) hydrochloric acid before a further 50 ml of concentrated acid, together with 10 ml of 
scandium internal-standard solution (1,0g/1), is added. The volume is then nade up to 200 ml. 

A 0,25 g sample is taken for the XRF procedure. This sample is fused in a zirconium crucible with 15 g 
of barium peroxide, 0,200 g of chromium trioxide (added as an internal standard), and 2g of lithium 
hydroxide (added to increase the fluidity of the melt). The mixture should be fused at the lowest 
temperature consistent with producing a melt of sufficiently low viscosity for it to be cast, and with avoiding 
the reduction of constituents such as silver to the metallic state. The cooled disc is then crushed in a 
Siebtechnik mill, and the crushed material, homogenized by the mill, is formed into a pellet in an aluminium 
cup at a pressure of 5,4 x 10'kPa for two minutes. The pellet is wrapped in polythene and stored in a 
desiccator so that the amount of carbon dioxide and moisture absorbed by the pellet can be minimized. 

i 
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No pretreatment of the pellet, other than its irradiation, is required for instrumental 
neutron-activation analysis (INAA). 

If coarse metallic particles are present in the sample, they should be separated from the bulk sample 
(Sg to lOg), analysed separately, and the analysis corrected. 

2.2. Methods of Analysis 
2.2.1. Atomic-absorption Spectrophotometry 

Varian Techtron spectrometers incorporating background correctors are used in conjunction with 
air-acetylene or nitrous oxide-acetylene flames'. Calibration is effected by repetition of the fusion and 
leaching procedures (described above) in the absence of the sample, and by the addition of appropriate 
volumes of stock solutions containing the elements to be determined. Potassium nitrate (1,0 g/100 ml) and 
lanthanum4 (0.5 g/100 ml) are added to separate aliquot samples for the determination of iron and 
aluminium, respectively. The conditions for measurement are given in Table 2. and details of the procedure 
in Appendix I. 

TABLE 2 
Conditions for measurement by atomic-absorption spectrophotometry 

Flame Air-acetylene Lean Pb. Ag, Te, Sb. Bi. Cu. Zn 
Rich Se 

N._,0-acetylene Lean Ni. Fe 
Rich Al, Sn 

Calibration Method of additions Se 
Synthetic solutions 
Additions: 

Others 

]% KNO, Fe 
0,5% La Al (for the removal of 

Si interferences) 

2.2.2. X-ray-fluorescence Spectrometry 
The operating conditions for XRF are given in Table 3. The measurements are made on a Philips 

semi-automatic spectrometer (PI 220) that has been adapted to perform automatic reading. The 
spectrometer is on-line to a Texas minicomputer'' that controls the sequence of measurements and 
parameter settings and completes the calculations. Calibration is based on measurements of monitor discs 
(fused oxides or varying masses of an analysed sample to which oxides or salts are added until the required 
concentration is obtained). The flux used in the fusion of the sample (see Appendix II) contains barium 
peroxide (which acts as a heavy absorber), and therefore the product of (IA-<BA)(IIS-'BIS) ' plotted against 
concentration will generate linear calibration curves. Details of the procedure are given in Appendix II. 

TABLE 3 
Some operating parameters in X-ray-fluorescence spectrometry 

Voltage 8 kW 
Cuirent 40 mA 

Counting time 60s 

Line Tube Crystal/Cut Medium/Detector 

Ka Ag, As, Cu, Fe, 
Ni, Se, Zn 

Au LiF/220 Air/Scintillation 
counter 

L« Ag, Sb, Sn, Te, 
Bi 

Cr 
Au 

LiF/100 
LiF/220 

Vacuum/Flow 
Air/Scintillation 
counter 

L/J Pb Au LiF/220 Air/Scintillation 
counter 
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2.2.3. Instnmental Neutron-activation Analysis 
In the IN A A procedure. 50 to 60 mg of sample is packed into a 0,5 cnr' polyethylene vial and placed in 

an irradiation rabbit. A vial containing a flux monitor (100 mg of iron foil) is packed firmly on top of the 
sample vial and the rabbit is sealed. For the standards. 100 n\ of a standard solution of the analv tes is 
pipetted onto filter paper in a 0,5 cm' polyethylene irradiation vial. The filter paper is dried in a heated 
desiccator. The vials are irradiated (in this instance, in the pneumatic facility at the Safari I reactor, at 
Pelindaba). When the irradiation is complete, the samples and standards are transferred to 7.5 cnr counting 
\ ials'\ The counting parameters are listed in Table 4, and an outline of the procedure is given in Appendix 
III. 

TABLE 4 
Measuring conditions for instrumental neutron-activation analysis 

Irradiation time 6 min in pneumatic system 
Flux 3,0 x 10 , : 1 n-cm-s ' 

Isotope 
Half-life 

d 
Decay time 

d 
Counting time 

s 
7 sAs, "'Cu, 
'-Sb, B 9 mZn 0,5 to 2,8 1 900 

"""•Ag, '""Au. 
Ni(:,MCo), '-MSb. 
7'Se, , t tZn 2,7 to 253 6 3600 

2.2.4. Optical Emission Spectrometry 
Ai NIM measurements are made with a Rank-Hilger Polyvac El000 direct-reading spectrometer. 

Excitation is by high-powered (15kW, 6,4MHz) induction-coupled plasma torch7". The operating 
parameters are shown in Table 5. and details of the line-pairs are given in Table 6. 

TABLE 5 
Spectrometer instrumentation, and operating parameters 

Spectrometer Rank Hilger Polyvac El000 Dual grating 
Range: 169,6nm to 409 nm 
Dispersion: 0,28nin/mm 
Integrator read-out with digital voltmeter 
and electric typewriter 

Plasma torch !5kW generator 

Work coil 

Fused-silica torch 

Anode voltage: 5,2 kV 
Frequency: 6,4 MHZ 
4 mm-square copper tube 
internal diameter 32mm, 2Vi turns, 
3 mm turn separation 
Coolant tube: 29 mm internal diameter 
Plasma tube: 25 mm internal diameter 
Injector tube: 2 mm capillary 

Operating 
parameters 

Gas-flow rates 

Solution uptake 
Observation height 
Pre-exposure 
Integration 

Coolant: nitrogen, 501/min 
Plasma: argon, 191/min 
Aerosol: argon, 2,51/min 
6ml/min 
17 mm above work coil 
10s 
20 ± Is controlled by channel for the 
internal standard (Sc) 

\ 
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TABLE 6 

Details of tine-pairs for emission spectrometry 
(excitation by induction-coupled plasma 

torch) 

Element nm Element nm 

As 193,7 Ag 338,3 
Cu 327,4 Fe 259.9 
Ni 231,6 Pb 405.7 
Sb 206.8 Si 251,6 
Sn 303,4 Zn 213.8 
Se 196,0 Al 308,3 
Te 214,3 Ca 317,9 
Se* 255,2 

* Internal standard 

The instrument is calibrated by the use of general-purpose solutions containing all the analytes. The 
standard solution is matched to the calibration solutions only with respect to sodium salts and an acid 
medium. Scandium is used as the internal standard. Details of the procedure are given in Appendix IV. 

2.3. Comparison of Results 
A comparison of the results and precisions obtained when four samples of an anode sludge were 

analysed, each sample by the four methods discussed in Section 2.2. is given in Tables 7 to 9. The results 
given are the means of at least two determinations, whereas the precisions represent assessments of the 
error associated with the method when ten separate aliquot portions of sample are used. The agreement 
between the values obtained in this investigation and thoie obtained by the use of a modified version" of 
Young's wet-chemical procedures' - are reasonable, and the analyses are consistent in that the analysis for a 
mixed sample (B plus C) conforms with that calculated from the analyses for individual samples. This does 
not, however, eliminate the possibility that there is some bias tn the results. In the chemical determination of 
tin and antimony in high concentrations, erroneously low values for tin are obtained. The values obtained 
by chemical procedures for antimony range from 6.7 to 7,6, with a mean of 7,3 for Sample A (Tables 7 to 9). 
This degree of variance makes the assessment of the true value for this sample difficult. It appears that, even 
with the method of additions, there is some interference in the AAS determination of selenium, that the 
values for copper obtained by XRF are too low, that there is a small negative bias in the values for zinc 
obtained by OES/ICP, and that the chemically derived values for copper and tellurium in Sample A, for 
arsenic in Sample B, for lead in Sample C, and for tin in Sample D, are incorrect in that there is agreement 
between the three or four procedures in which different methods of calibration are used. The high bias in the 
XRF-derived values for iron can be attributed to the high error factor associated with measurements at the 
limits of determination. 

The precision or .neasurement obtained, 1 per cent to 5 per cent depending on the concentration of the 
element, is generally acceptable for the three techniques considered in Taolc 10. The relative standard 
deviation does, however, increase markedly in the XRF procedure with a decrease in concentration, 
because the high level of dilution leads to poor counting statistics. 

2.4. Comparison of Methods for the Analysis of Anode Sludges 
In a comparison of the techniques examined in this report, it should be borne in mind that perhaps the 

most important factors after accuracy and precision in analysis are the number of elements that can be 
determined and the associated limits of determination. AAS. OES/ICP. and XRF methods have similar 
capabilities in terms of the number of elements that can be determined, but OES/ICP gives the best overall 
performance with respect to the limits of determination despite the high dilution (a thousand-fold) 
involved. This stems from the high sensitivity associated with ICP excitation, irrespective of whether high-
or low-powered torches are used. A further ten elements (aluminium, cadmium, chromium, cobalt, 
magnesium, manganese, molybdenum, titanium, "anadium. and zirconium) have been determined without 
difficulty by the use of the OES/ICP procedure. No comparative results from the determination of these 



ANALYSIS OF ANODE SLUDGES 

TABLE 7 

Comparative percentage values for silver, lead, selerium, and bismuth 

Element AAS XRF INAA OES/ICP CHEM 

Ag A 
B 
C 
D 

21.4 
0,44 

23,3 
11,8 

22,4 
<0,5 
25,0 
12,3 

ND 
0,48 

24,3 
ND 

22,2 
0,44 

24,2 
12,3 

22,4 
0,35 

24,0 
12 2* 

Pb A 
B 
C 
D 

16,9 
19,8 
10,4 
14,5 

17.3 
19,9 
10,5 
14,1 

-

17,4 
20,3 
10,1 
15,1 

17,7 
20,0 
11,3 
15,6* 

St A 
B 
C 
D 

5,2 
o.n 

17,9 
8.4 

5,2 
<0,5 
20,5 
10,2 

ND 
ND 

20,2 
ND 

4,8 
<0,5 

19,6 
10,0 

5,3 
<0,01 
20.3 
10.3* 

Bi A 
B 
C 
D 

0,38 
<0,05 

0,50 
0.25 

0,58 
<0,5 

0,60 
<0,5 

ND 
ND 
ND 
ND 

t 
t 
t 
t 

ND 
0,02 
0,53 
0,27 

* Mean of B ~ C 
- Determination not possible 
+ Not determined 
N D Not detected 

TABLE 8 

Comparative percentage values for arsenic, nickel, tellurium, and iron 

Element AAS XRF INAA OES/ICP CHEM 

As A 
B 
C 
D 

ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 

ND 
0.47 
0,13 
ND 

1,06 
0,45 
0.09 
0,28 

1,00 
0,22 
0,18 
0,20* 

Ni A 
B 
C 
D 

1,82 
0,21 

<0,05 
0,11 

2.10 
0,28 

<0,2 
<0,2 

ND 
ND 
ND 
ND 

2,03 
0,26 

<0,02 
0,15 

t 
0,27 
0.04 
0.15* 

Te A 
B 
C 
D 

1.12 
<0,05 

2,10 
1,05 

1.27 
<0,5 

2,30 
1.25 

ND 
ND 
ND 
ND 

1,19 
<0,05 

2,30 
1,20 

1.64 
0.03 
2.25 
1,14* 

Fe A 
B 
C 
D 

0,14 
0.62 
0.33 
0.46 

<0.5 
1.2 

<0.5 
0.85 

ND 
ND 
ND 
ND 

0,20 
0,70 
0,40 
0,51 

0.15 
0,66 
0.46 
0.56* 

• Mean of B t C 
t Not determined 
ND Not detected 



ANALYSIS OF ANODE SLUDGES 

TABLE 9 
Comparative percentage values fo. copper, tin, antimony, zinc, and silicon 

Element AAS XRF INAA OES/ICP CHEM 

Cu A 
B 
C 
D 

6,2 
15,3 

2,9 
9,1 

6,1 
14.1 
2,7 
8,1 

t 
14,6 
2,9 
t 

6,4 
15,6 
2,9 
9,2 

5,4 
14,9 
3,1 
9,0» 

Sn A 
B 
C 
D 

4,4 
26,4 

0,98 
13,4 

4,7 
25,3 

1,00 
13,8 

t 
27,7 
ND 
t 

4,7 
26,4 

1,24 
14,1 

4,5 
24,2 

0,58 
12,4* 

Sb A 
B 
C 
D 

7,0 
1,82 
1,25 
1,51 

7,5 
2,00 
1,40 
1,65 

t 
2,16 
1,56 
t 

6,3 
1,77 
1,23 
1,54 

7,3 
1,74 
1,45 
1,60* 

Zn A 
B 
C 
D 

0,36 
0,61 
0,03 
0,31 

0,35 
0,52 

<0,3 
<0,3 

ND 
ND 
ND 
ND 

0,23 
0,42 

<0,1 
0,13 

ND 
0,51 
0,02 
0,26 

Si A 
B 
C 
D 

t 
t 
t 
t 

t 
t 
t 
t 

t 
t 
t 
t 

4,35 
1,80 

18,9 
10,6 

4,50 
2,00 

19,0 
10,5* 

* Mean of B + C 
t Not determined 
ND Not detected 

TABLE 10 
Precision of the methods 

Element 
Relative standard deviation 

Concentration Element XRF AAS OES/ICP Concentration 
% 

Ag 0,008 0,014 0,011 24 
As ND ND 0,053 0,3 
Cu 0,01 0,009 0,010 7 
Fe 0,41 0,018 0,039 0,5 
Ni 0,06 0,043 0,038 0,6 
Pb 0,017 0,019 0,019 15 
Sb 0,029 0,019 0,014 3 
Se 0,025 0,024 0,017 11 
Sn 0,049 0,018 0,017 14 (3% for XRF) 
Te 0,037 0,011 0,016 2 
Zn ND 0,056 0,023 0,2 
Bi 0,132 0,017 - 0,5 
Ca • * 0,027 0,4 

SiO, * * 0,025 11 
• No» determined 
- Determination not possible 
ND Not detected 

6 
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elements are available. Perhaps six of the ten elements would be amenable to direct analysis by A AS at the 
concentration levels determined by OES/ICP. The relatively poor performance of IN A A is due to the high 
activity from certain isotopes, notably gold-198 and copper-64. and the decay times required for this 
activity to reduce, after which short and weak long-lived isotopes are decayed to a point at which accurate 
counting measurement becomes impossible. The dilutions necessary in the XRF procedure limit the 
elements that can be determined to the major constituents, but more elements can be determined if the 
dilution is less. The relative standard deviations for iron and bismuth were reduced to about 0.05 at a 
concentration of 0.5 per cent when the dilution factor was reduced from 75 to 25. Only IN AA is suitable for 
the analysis of precious metals because the procedure does not require dilution of the sample. 

2.4.1. Calibration Requirements 
The calibration requirements of the OES/ICP, AAS. and INAA methods are usually simple. 
The basic requirement for the first two methods is that the viscosity of the samples and standards 

should be matched to that of the fusion salts and the acid media. 
Synthetic solutions when absorbed onto filter paper and dried suffice for INAA. 
The use of different masses of a reference sample, to which oxides can be added as required, is 

convenient when the XRF procedure is to be used. This, however, lacks flexibility and is time consuming, 
and the accuracy obtained is very dependent on the precision with which the reference material was 
analysed. 

2.4.2. Limits of Determination 
The limits of determination vary considerably according to the method used. The limits in INAA are 

set, to a large extent, by the composition of the matrix elements. The limits of determination for the XRF 
procedure are between 0,2 per cent and 0,5 per cent. Those for AAS are between 0.01 per cent and 0,1 per 
cent, and those for OES/ICP are between 0,001 per cent and 0,5 per cent. The limits of determination in the 
analysis of process solutions by AAS or OES/ICP can be expected to be two orders of magnitude lower. 
With further refinement in the preparation of samples, an improvement in the limits of determination by 
XRF and OES/ICP should be possible. 

2.4.3. Interferences 
In OES/ICP analysis, interferences take the form of overlapping line spectra and of matrix effects. The 

latter are minimal provided that the solutions of the sample and of the calibration standards are matched 
with respect to the easily ionized elements (such as the alkali metals used in the fusion procedure) and to 
viscosity, which affects the nebulization rate. The inability of OES/ICP analysis to determine bismuth arises 
from the poor sensitivity of the spectral line (289.9nm) chosen for direct-reading measurement. 

When AAS measurements are made, the method of additions must be used if interference of antimony 
and zirconium with the determination of selenium is to be avoided. For the determination of iron, potassium 
nitrate must be added to give a concentration of 10g/l. Lanthanum (5 g/l) must be added to eliminate the 
interference of silica on aluminium1 \ 

Corrections for line overlap are necessary to counteract the effect of tin on the determination of 
antimony and tellurium by XRF. 

The limits of determination are increased in the INAA method for selenium-75 and zinc-69 m because 
of an increase in background activity due to the high level of activity of gold-198, selenium-75, and 
copper-64. Arsenic-76 causes direct spectral interference in the determination of silver-HOm and 
antimony-122. 

Experience indicates that, when a wide variety of source material has to be analysed, difficulties can be 
encountered in the use of chemical methods". These are caused by interferences with the separation steps 
arising from the presence of unexpected constituents. 

2.4.4. Development of Suitable Procedures 
Because conditions for ICP excitation can be standardized for solutions of low salinity, and because 

matrix effects are virtually non-existent, the time required for the development of a suitable OES procedure 
was much less than that for the other methods. Interference effects in AAS and XRF, and 
sample-preparation and calibration problems in XRF, had to be resolved before suitable procedures could 
be established for those techniques. 

7 
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3. ANALYSIS OF BYPRODUCTS FROM THE BENEFICIATION OF ANODE SLIMES 
The byproducts from the beneficiation of anode slimes are cakes of lead chloride and of silver chloride, 

anode-slime residues, and pure metals such as silver, gold, selenium, and tellurium. 

3.1. Silver Chloride and Lead Chionde Cakes, and Slime Residues 
The concentration of the analytes in these products are listed in Table 11. They fall within the ranges of 

concentration normally associated with anode slimes. The procedures used for the analysis of these 
elements are therefore the same as those used for their analysis in anode slimes, namely XRF, AAS, and 
OES/ICP. In the AAS procedure, the method of dissolution d ie* not differ from that used for the elements 
in anode slimes. The chemical procedures used (e.g., for the volumetric determination of silver) and the 
gravimetric methods used (for silica and lead) are the same as those reported previously". 

TABLE 11 

Maximum concentrations of the elements 
in lead chloride and silver chloride cakes, 

and in slime residues 

Element 

Maximum 
concentration, % 

Element AgCl2 PbCl, 

Ag 
Pb 
As 
Cu 
Sn 
Sb 
Te 
Se 
Si 
Au 

10 
45 
10 

0,2 

0,4 
0,5 
0,5 

10 
0,17 

40 
1 
1 
0,4 
1 
1 
0,5 
0.5 

40 
0.1 

3.2. Determination of Impurities in Recovered Metals 
The analysis for trace impurities of the metals recovered from anode slimes necessitates the application 

of special techniques. Gravimetric techniques are used only in the analysis of selenium or tellurium metal to 
indicate the presence or otherwise of the oxides" of these elements. 

3.2.1. Spectrograph^ Procedures 
Emission spectrograph^ is used for the determination of impurities in silver, gold, selenium, and 

tellurium. 

3.2.1.1. Silver 
The sample is dissolved in 50 per cent (v/v) nitric acid, and the solution is evaporated to dryness, after 

which the residue is heated until the silver nitrate melts. After it has cooled, the residue is crushed to a fine 
powder and excited in a d.c. arc at 12 A for 45 s in an argon-oxygen atmosphere "'. For calibration purposes, 
the required constituents (gold, tellurium, copper, nickel, iron, pla'inum, palladium, arsenic, antimony, 
bismuth, rhodium, and lead) are added to a solution of pure silver grain in nitric acid to a concentration of 
between 1 and 300 p.p.m. The relative standard deviation for the overall method varies between 0,15 and 
0,2. The procedure is described in Appendix V. 

3.2.1.2. Gold 
The sample is dissolved in 3 parts of hydrochloric acid, I part of nitric acid, and 1 part of water. 

High-purity graphite powder is added, and the gold is precipitated with a 34 per cent solution of hydrazine 
hydrate. The solution is then evaporated to dryness under an infrared lamp. A weighed amount of the 

H 
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gold-graphite mixture is pressed into a pellet, which is then mounted on an electrode so that spectrograms 
can be taken. The results are compared with gold standards prepared in a similar way", gold being used as 
the internal standard. Details of the procedure are given in Appendix VI. 

3.2.1.3. Selenium and Tellurium 
The procedure for the determination of impurities in s '̂enium and tellurium (see Appendix VII) is 

based on the excitation by d.c. arc of finely powdered metal12. The current used for selenium is 15A. and for 
tellurium 18 A. The exposure time for both materials is 90 s. For calibration, the impurity and base elements 
are fused in a vacuum-sealed quartz tube for seven hours at 500 °C or 900 °C, depending on the volatility of 
the impurities. The fused material is removed from the tube, ground i.) an agate mortar, and homogenized 
in a mixer mill. Working standards are prepared from this stock material by the refusion of portions with »he 
base material, this time for four hours at 500°C. The grinding and blending procedures are the same as 
those for the stock solution. The range of concentrations covered is 0,3 to 670 p.p.m. The overall relative 
standard deviation varies between 0,1 and 0,2. 

3.2.2. Atomic-absorption Spectrophotometry for Selenium and Tellurium 
For the attainment of the required sensitivity, the sample is atomized electrothermally in a pyrolytically 

coated graphite rod", and measurements are made with a Varian Techtron AA6 spectrophotometer. 
Argon is used as the shield gas. The signals are recorded on a chart recorder, and simultaneous background 
correction is applied. Samples of 21*\ are dispensed from an Eskalab pipette. Details of the procedure are 
given in Appendix VIII. 

Significant interferences occur in the presence of the matrix elements. The im > ierences are amplified 
when the concentrations of the analytes (other than those being measured at the time) are increased to 100 
p.p.m. No mutual interference between analyte elements is observed at a concentration level of 0,1 p.p.m. 
The method of additions (which involves the addition of microlitre amounts so that successive additions can 
be made to one solution without significantly altering the volume) is used toeliminate interference effects. 

4. ANALYSIS OF PROCESS SOLUTIONS 
The process solutions from the beneficiation of anode slimes as analysed at Nl M can be classified in two 

sets: one set consisting or solutions that are either strongly acidic or strongly alkaline, and the other of 
solutions of lower acidity (2 M). 

The first group consists of leach liquors of calcium chloride (2)0 g/1)- on (40 g/l). hydrochloric acid 
(6M). and sodium sulphide (0.5 M)-sodium hydroxide (II.XM). The econd group consists of 
acetone-hydrochloric acid, sulphuric acid, and hydrochloric acid-thiourea leach liquors. The concentration 
of the acid in each instance is about 1M. Some or all of the following elements have to be determined in each 
solution: arsenic, selenium, tellurium, tin, bismuth, antimony, nickel, zinc, and silver. An accuracy of 5 per 
cent for concentrations higher than 5 g/l, and 10 per cent for lower concentrations, is considered 
satisfactory. The analysis is carried out by conventional atomic-absorption flame spectrophotometry. 

The interference effects observed are related in the first group of solutions to measurements made in a 
medium of 40 per cent (v/v) hydrochloric acid containing the same elements and concentrations as the test 
media. In the second group the interference effects are related to measurements made in 2M hydrochloric 
acid. 

Methods for the determination of an additional solution, an ammonium acetate leach liquor, are also 
required. 

4.1. Process Solutions in Group 1 
High concentrations of copper, lead, tin, selenium, and tellurium can be present in some of the 

solutions. TaHe 12 gives the recovery* achieved for the first group of process solutions (strongly acidic or 
strongly alkaline). 

It is evident that, with a ten-fold dilution, the accuracy of the determination based on recoveries 
(relative to synthetic solutions of pure analyte) is, with two exceptions, within the limit (10 per cent) 
specified for these concentrations. When the dilution is by a factor of fifty, only tin and selenium fall outside 
the 5 per cent tolerance, and it appears that a twenty-fold dilution would lead to similar results. 

The sodium sulphide-hydroxide solutions were found to be unstable, the precipitants being the 
sulphides of copper, nickel, and lead. Acidification led to the formation of elemental sulphur with the 
occlusion of selenium and tellurium. Treatment with hydrogen peroxide and then with nitiic acid converts 

' In (his report, recovery means the amount determined as a percentage of the amount present. 
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the sulphide to sulphate, and clear stable solutions are obtained. The calibration graphs of synthetic 
solutions containing similar amounts of sodium sulphate and of sodium nitrate are similar to those obtained 
when sulphide and hydroxide are converted to the sulphate and the nitrate. 

TABLE 12 
Recoveries from Group 1 media by atomic-absorption spectrophotometry 

Element Concn 
mg/l 

Flame 
6MHC1 

(xlOdiln) 
% 

CaCl. and Fe 
Na,S and NaOH 

(xlOdiln) 
% 

Element Concn 
mg/l 

Flame 
6MHC1 

(xlOdiln) 
% 

(xlOdiln) 
% 

(x50diln) 
% 

Na,S and NaOH 
(xlOdiln) 

% 

As 
Ag 
Bi 
Cu 
Ni 
Pb 
Sb 
Se 
Sn 
Te 
Zn 

100 
3 

40 
8 

6 to 8 
20 

30 to 40 
80 
60 

20 to 40 
4 

NOA 
AA 
AA 
AA 

NOA 
AA 
AA 
AA 

NOA 
AA 
AA 

102 
95 
95 

100 

97 

104 
95 

100 
94 
93 
92 
97 
94 
94 

105 
112 
92 
95 

101 
100 
100 
98 

103 
102 
100 
109 
112 
98 
98 

98 
97 
95 
86 
97 

92 

NOA = Nitrous oxide-acetylene 
AA = Air-acetylene 

The 6 M solution of hydrochloric acid has been found to contain up to 3 g of selenium and copper per 
litre, and the calcium chloride solution up to 20g of calcium, lead, and tin per litre. Similar amounts of 
selenium and tellurium were found to be present in the sulphide solutions. When a ten-fold dilution was 
made, interference effects (11 per cent enhancement) were noted only for selenium in the presence of 
copper, lead, and tin in the calcium chloride matrix, and for antimony and tellurium (14 per cent and 8 per 
cent suppression) in tne presence of sodium salts from the sulphide-hydroxide matrix. The procedure is 
given in Appendix IX. 

4.2. Process Solutions in Group 2 
The amount of acetone in process solutions of the second group1', those of low acidity, cannot be 

maintained consistently. The acetone seriously affects the recovery of all the analytes and it is evaporated 
out of the solutions, leaving a hydrochloric acid medium of 2 N. The addition of concentrated nitric acid to 
the acetone solution until a 5 per cent (v/v) acid is obtained is necessary before the acetone can be 
evaporated. This prevents the loss of selenium (5 per cent) that is usually observed in the absence of nitric 
acid. 

The recoveries obtained from three media are given in Table 13. For all three media, duplicate aliquot 
samples were analysed. Uranium was added to one set of aliquot samples for the determination of the 
platinum-group metals. There was no addition to the duplicate set in the determination of silver, selenium, 
and tellurium. 

TABLE 13 
Recoveries from Group 2 media by atomic-absorption spectrophotometry 

Element Concn 
g/1 

1.5N H,,SO, HC1 lN-Th 50g/1 

Element Concn 
g/1 

U 10g/l 
% 

U 50g/l 
% 

U 0 g 
% 

U 10g/l 
% 

U 50 g/1 
% 

UOg 
% 

Pt 
Pd 
Au 
Ag 
Se 
Tc 

200 
20 
20 

6 
80 
40 

56 
88 
97 

96 
100 
100 

97 
HO 
100 

47 
100 
100 

93 
100 
100 

100 
* 

100 
• Selenium precipitates in this medium 
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If the amount of uranium that is added is increased from the 10 g/l normally used for the determination 
of precious metals to 50 g/l, then satisfactory recoveries can be obtained for the precious metals without the 
need for matched standards. The similar behaviour of the precious metals in the two media can be attributed 
to the formation of sulphate ions in the flame when thiourea is present. In the determination of the 
non-precious metals, which are normally determined in the absence of uranium, interference from other 
analytes was observed on>v in the determination of selenium. The procedure is described in Appendix X. 

4.3. Ammonium Acetate Solutions 
The measurement of analytes in a 20 per cent ammonium acetate medium"1 is not possible by 

atomic-absorption flame spectrophotometry because the high viscosity and salt content of the medium can 
result in the burner becoming blocked. The constituents to be determined in this type of leaching solution 
are silver, copper, nickel, and lead (these major constituents range from 1 g/l to 7 g/l), and arsenic, 
antimony, aluminium, bismuth, iron, selenium, tin, and tellurium (in amounts greater than 1 mg/l), and 
lesser amounts of platinum, palladium, and gold. 

A ten-fold dilution will prevent the turner from becoming blocked, and the major constituents can 
then be determined readily by conventional flame-A AS. The other elements that can be determined (if the 
concentration in the diluted solution is greater than 2,5 mg/l) are silver, copper, gold, antimony, palladium, 
bismuth, tellurium, iron, and selenium. Lead, nickel, tin, aluminium, platinum, and arsenic can be 
determined if they are prerint in amounts greater than 5 mg/l. These limits correspond to 25p.p.m. and 
50 p.p.m. of the original element in the original sample solution, respectively. For the determination of the 
precious metals, a separate aliquot portion of the diluted sample must be taken and uranium added to it (the 
uranium acts as a releasing agent) When the concentration of copper and nickel exceeds 2 g/l, the method 
of additions must be used if interference from these elements is to be overcome. 

For lower concentrations (less than 25 mg/l) of base metals in the leach liquor, a preconcentration step 
is necessary. Coprecipitation with titanium hydroxide was adopted at N1M after it had been established that 
there is no interference and little background associated with the presence of titanium when A AS is used as 
a means of measurement. The optimum pH for coprecipitation is 6,5, above which the recovery of selenium 
and antimony decreases rapidly. The recovery of the other elements shows a marginal increase between pH 
6,5 and 8,5. The recovery of selenium and tellurium is strongly influenced by the amount of coprecipitant 
that is used, but the other elements are not influenced if more than lOmg of coprecipitant is used. The 
temperature and the time for which the solution has been al'owed to stand during precipitation do not affect 
the recovery, unless the solution has been allowed to stand for more than two hours. If this time is exceeded, 
there will be a small reduction in the recovery. Recoveries exceed 93 per cent except for low concentrations 
of arsenic (81 per cent at 5 p.p.m.). and the precision of the overall method is generally better than 5 per 
cent. The precious metals in low concentrations can be determined if the acetate is destroyed with aqua 
regia. the analytes are concentrated by evaporation, and measurements are made with uranium present as a 
releasing agent. The procedure is outlined in Appendix XI. 

5. APPLICABILITY OF INSTRUMENTAL METHODS OF ANALYSIS TO VARIOUS MEDIA 
Of the media available for analysis in the solid form, all except the metals can be analysed by any one of 

the methods discussed so far. These methods are compared in Table 14, from which it is evident that the 
met'iod to be preferred in the analysis of anode sludges is OES/ICP involving direct-reading measurement. 

At NIM, process solutions have been analysed only by AAS; at the time the direct-reading 
spectrometer had not been commissioned. However, it appears in the light of the work on anode sludges, 
that the OES procedure should be equally suitable in terms of precision and sensitivity. Furthermore, if a 
preconcentration stage is made necessary b- the use of organic media, then the OES/ICP method can be 
applied direct to the organic extract17. If one considers the range of concentrations covered by the 
calibration standards for the pure metals (0,3 p.p.m. to 670 p.p.m.), OEC/ICP should be suitable for the 
determination of most of the trace elements present. For this procedure, 1 g of metal is dissolved in 10 to 
20 ml of solvent. The use of this method would obviate the special preparation of standards and the complex 
calibration procedures that are necessary when the established methods are employed. 

6. CONCLUSIONS AND RECOMMENDATIONS 
It has been shown that instrumental methods of analysis arc adequate for the analysis of anode sludges 

and their associated beneficiation products. Process solutions can be analysed by some of the methods used 
for anode slimes. 
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TABLE 14 

A comparison of methods for the analysis of anode sludges and associated materials 

Sample treatment 

AAS OES/ICP INAA XRF 

Sample treatment 
Fusion with N a 2 0 2 , 
leach with acid 

Fusion with Na.O.., 
leach with acid 

Irradiation of the 
untreat.d sample 

Fusion with B a 0 2 ; cast, 
grind, pelletize 

No. of elements determined 
simultaneously 13 13 6 12 

Ease with which this no. can 
be increased Easily Easily Within limitations 

imposed by background 
activities 

Limited by the need to 
make additions and main
tain the mass constant 
within the limits of the 
method 

Limits of determination by 
the present method, % 0,01 to 0,10 0,001 to 0,50 0,004 to 1,0 0,2 to 0,5 

Range of concentration p.p.m. to % amounts 
with dilution 

p.p.m. to % amounts 
with dilution 

p.p.m. to % amounts 0,5 to 70%, depending on 
standards available for 
comparison 

Calibration method Synthetic 
solutions 

Synthetic 
solutions 

Synthetic solutions dried 
on filter paper 

Different masses of 
chemical standard 

Interferences Lessened by th * use of 
the method of 
additions 

Mainly background 
effects 

High background activity 
from isotopes of Au, Cu; 
interference from As-76 

Line overlap, Sb on Sn and 
Te: correct for this. 

Precision at high 
concentrations 
at low 
concentrations 

Good 

Good 

Good 

Good 

Moderate 

Moderate 

Good 

Poor 

Speed of analysis: 1 sample 
10 samples 

6 hours 
1 Vj days 

4 hours 
6 hours 

1 day* 
2 days* 

1 day 
2 days 

* Does nol include decay lime, which may he up lo eight days 
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The following is a summary of the application of the different instrumental methods. 
Material Methods of analysis tested Preferred method 
Anode slimes AAS, XRF, INAA, OES/ICP OES/ICP 
AgCI2 and PbCl, cakes XRF, AAS, OES (d.c. arc) AAS 
Slimes residues AAS, OES/ICP OES/ICP 
Metals Spec. OES (d.c. arc) 
Process solutions AAS (with or without 

method of additions) AAS 
Without doubt, OES/ICP will, after further testing "\ become the method preferred for the analysis of 

all the materials listed above. It has the advantage of rapid analysis, and simplified procedures for the 
preparation of standards and calibration samples. 
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APPENDIX I 

THE DETERMINATION' OF MINOR ELEMENTS IN ANODE SLUDGES AND RESIDUES 

(LABORATORY METHOD NO. 0/5) 

E£ Anod* shidgts, «fmtnU in 

1. OUTLINE OF THE METHOD 
The sample is decomposed by fusion with a mixture of sodium peroxide and sodium carbonate in a 

zirconium crucible. The melt is leached in hydrochloric acid, diethylenetriamine is added to form a complex 
with the silver if the latter precipitates as the chloride, and the leach liquor is diluted to volume. The element 
required is determined by atomic-absorption spectrophotometry against a series of individual calibration 
standards matched with respect to the concentrations of sodium salts and acid. 
2. APPLICATION OF THE METHOD 

The method is applicable to samples of anode sludge and residue that are completely dissolved by 
fusion and acid leaching, and is suitable for the determination of minor amounts (0,1 to 5,0 per cent) of Pb, 
Ag, Se, Te, Sb, Ni, Bi, Cu, Zn, Al, Fe, and Sn. The limits of determination, based on the lowest readable 
calibration standards and calculated for 0,5 g of sample per 100 ml of volume, are shown in Table 1-1. 

TABLE 1-1 

Working standards and limits of determination 

Limit of determination 
(based on lowest calibration standard) 

Lowest calibration and calculated on 0,5 g of sample 
Element Working standards standard per 100 ml) 

Mg/ml Mg/ml % 
Se 0 to60 10 0,2 
Te 0 to60 5 0,1 
Ag 0 to 6 0,5 0,01 
Sb 0 t o 8 0 5 0,1 
Bi 0 to 40 5 0,1 
Ni 0 t o 2 0 2,5 0,05 
Cu Oto 10 1 0,02 
Pb 0 to 30 2,5 0,05 
Zn Oto 5 0,5 0,01 
Fe Oto 10 1 0,02 
Al Oto 40 5 0,1 
Sn 0 to 100 10 0,2 

3. REAGENTS 
All the reagents, except where otherwise specified, are of A.R. grade. 
(1) Sodium Peroxide 
(2) Sodium Carbonate 
(3) Hydrochloric Acid, %p. gr. 1,19 
(4) Hydrochloric Acid, 50 per cent (v/v) 

Dilute with an equal volume of water. 
(5) Diethylenetriamine (DETA) 

BDH, Technical Grade. 
(6) Dlethylenetrtamlne, 50 per cent (v/v) 

Dilute with an equal volume of water. 
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(7) Potassium Nitrate, lOOgll 
Dissolve lOg of KNO, in water and dilute to 100ml. 

(8) Lanthanum Solution, lOOg/I 
To 11,7 g of lanthanum oxide (BDH La 20 :„ Laboratory Reagent) and 10 ml of water, slowly add 
35 ml of hydrochloric acid. Boil to dissolve, cool, and dilute to 100 ml in a volumetric flask, 
lml = lOOmgof La , + . 

(9) Stock Solutions (lOOOmgll) of the Elements Listed in Table 1-1 
Prepare as given in Varian Analytical Methods. 

(10) Matrix Solution (3% \a/>., 0£% NajCOj 
To each of five zirconium crucibles add 3 g of sodium peroxide and 0,5 g of sodium carbonate, and fuse 

at a dull-red heat. Cool the melts, and leach each in 50 ml of 50 per cent (v/v) hydrochloric acid. Warm, and 
transfer to a 500 ml volumetric flask. Dilute to volume with water. 

4. PROCEDURE 
4.1. Preparation of Solutions 

a. Accurately weigh out 0,5 g of sample (0,3 g if the sample is high in silica) into a zirconium crucible. 
b. Add 3 g of sodium peroxide and mix. Cover with 0,5 g of sodium carbonate and fuse, gently at first, 

to red heat. 
c. Cool the melt and leach it in 50 ml of 50 per cent (v/v) hydrochloric acid in a covered beaker. 
d. Warm to obtain a clear solution, and transfer the solution to a 100 ml volumetric flask. If silver 

chloride precipitates, slowly add 10 ml of 50 per cent (v/v) DETA solution to dissolve the 
precipitate, and then add a further 5 ml of hydrochloric acid. 

e. Cool and dilute to volume. 

4.2. Calibration Standards 
a. To each of five zirconium crucibles add 3 g of sodium peroxide and 0,5 g of sodium carbonate, and 

fuse at a dull-red heat. 
b. Cool the melt and leach it in covered beakers with 50 ml of 50 per cent (v/v) hydrochloric acid. 
c. Warm to clear the solution and transfer it to five 100 ml volumetric flasks. Using an A-grade 

burette, add the requisite amount of stock solution of the required element to four of these flasks, 
and dilute to volume with water to obtain calibration standards covering the ranges listed in Tab'e 
1-1. The fifth solution serves as a blank. Individual calibration standards need not be prepared, but 
as many elements as is practicable can be combined to form mixed standards. However, the 
calibration standards for iron and aluminium must be prepared separately. For the determination 
of iron, add 10 m! of 100g/l KNO., solution per 100 ml of solution to the samples and standards, 
and, for the determination of aluminium, add 5 ml of lanthanum solution (1 ml = lOOmgof La") 
per 100 ml of solution to the samples and standards (Note 1). 

d. Draw up calibration curves for each element, using the operating conditions given in Table 1-2, and 
apply corrections for blanks where necessary. 

TABLE 1-2 

Operating conditions 

Element Pb Ag Se Te Sb Ni Bi Cu Zn Al Fe Sn 

Wavelength. A 2170 3281 1960 2143 2176 2320 2230 3248 2139 3093 2483 2863 
Slit setting, /um 100 50 300 100 100 50 100 50 100 50 50 100 
Lamp current. mA 6 4 10 8 10 8 8 4 6 10 5 8 
Air 100kPa-acetylene 
flame Lean Lean Rich Lean Lean - Lean Lean Lean - - -
Nitrous 
oxide-acetylene 
flame - - - - - Lean - - - Rich Lean Rich 

15 



ANALYSIS OF ANODE SLUDGES 

4.3. Atomic-absorption Procedure 
The following are the operating conditions for the Techtron AA 4 and 5 models. 
a. Adjust the instrument, using the operating conditions recommended in Table 1-2. Use distilled 

water to zero the instrument and scale-expand where necessary to give minimum absorbance 
readings of 0,05 tc 0,10 units for the lowest calibration standards consistent with an acceptable 
signal-to-noise ratio (zero should not fluctuate more than 0,01 absorbance units when 
scale-expansion is used). 

b. Take readings of the samples and calibration standards under the same conditions (Note 2), and 
determine the concentration of the element from the calibration curves. 

5. NOTES 
1. If all the elements listed in Tablel-1 are to be determined in a sample solution containing iron and 

aluminium, measure all the elements other than iron and aluminium and then transfer two 20 ml 
aliquot portions of the sample solution to two 25 ml volumetric flasks, add 2,5 ml of I00g/1 KNO:i 

solution to one flask and 1.25 ml of lanthanum solution (1 ml = lOOmgof La") to the other, dilute 
to volume, and measure the iron and aluminium absorbances against those of the matched 
r»andards. Alternatively, prepare separate solutions for iron and aluminium by weighing out two 
additional portions of sample, fusing, leaching, and diluting to 100 mi after adding 10 ml of 100 g/I 
KNO:) solution and 5 ml of lanthanum solution (100g/l), respectively. 

2. If dilutions are required, match the samples and calibration standards with respect to the 
concentrations of sodium salts and acid, making use of the matrix solution (item 10 of Section 3). 

6. REFERENCE 
1. JOSEPHSON, M., and STEELE. T.W. The determination, by atomic-absorption 

spectrophotometry, of minor elements in anode sludges and residues. Johannesburg. National 
Institute for Metallurgy, Report no. 1761. 13th Oct.. 1975. 12 pp. 
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APPENDIX I 

THE DETERMINATION1 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. Anoda sludgtt, rtwmnU in 

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

0.2 g ot 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 (R) of the net intensity of an analytical line to that of the Cr Ka line is used as a 
function of the concentration of the element giving rise to the analytical line measured. 

Calibration curves are established from the measurements for pellets containing a standard 
anode-sludge material in amounts varying from 0.125 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 OF THE METHOD 
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) BaO, Powder 

Chemically pure. 
(2) LiOH Powder 

Chemically pure. 
(3) CrO, Powder 

A.R. grade. 
(4) TeO, Powder 

A.R. grade. 
(5) Fe fit Powder 

A.R. grade. 
(6) ZnSO ,-7H O Powder 

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

A.R. grade. 
(8) SnO,Powder 

A.R. grade. 
(9) CuO Powder 

A.R. grade. 
(10) SbflsPowd'r 

A.R. grade. 
(11) TiO,Powder 

A.R. grade. 
(12) SeO, Powder 

A.R. grade. 

4. INTERFERENCES 
interferences due to matrix effects are minimized by the heavy absorber in the flux. If presrn: >n 

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. 
Co, Cd, and In at the Sn L« line. 
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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, 
1m, 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 le, and 
La, Ce and V at the Cr Ka line. 
AH 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 ros. 1 to 7 (Table II-l) are prepared as follows. 
a. In a zirconium crucible, place 15,0g of BaO,„ 2,00g of LiOH. 0,200g of Cr 20„ standard 

anode-sludge material, and additions of the oxide of the element in that order, using the masses 
indicated in Table II—I. 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 15 cm2), 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 crucible 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 lOcnr' 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 contamination by iron. Press the pellets at 5.4 x 10'kPa 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 II—1) for each element to be determined, using the instrument and 

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

versus concentration on linear graph paper. 

* = 7^Hr ( 1 ) 

'<r ~ "ft 
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, 
/, r is the gross intensity of the Cr Ka line for the calibration or sample pellet, and 

B, r is the gross intensity of the Cr Ka line for the blank pellet. 

c. Fit the best straight line to the points plotted. A straight line intersecting the origin, or intersecting 
the axis very near the origin, should be obtained. 

IK 
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TABLE II—1 
Composition of the calibration pellets* 

No. of 
calibration Standard 

pellet samplct ZnS0 4 -7HjO Bi ,0 : > Sn0 2 CuO Sb20;i Fe 2 0 : , T e 0 2 SeO, 

* t I K S t Í t B 
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 0,060 0,011 0,023 0,034 

Blank 

* These materials are added to 15g (± 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 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 II-2 
Instrumental parameters 

Voliage 8 kV 
Current 40 mA 
Counting time 60 s 

Analytical Tube Crystal Peak 
Analyte line anode Collimator and cut Detector Medium angle, 0 

Bi La Au Fine LiF(220) Scint. Air 47,36 
Pb L(3 Au Fine LiF(220) Scint. Air 40,38 
Te La Cr Coarse LiF(100) 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 
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 are obtained when high concentrations of tin are measured with 

the Kir analytical line. A factor is then incorporated for silver Kn overlap. 
+ Silver is read al both the K and I. 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 (he Ag l.« line is more precise for low 
concentrations of silver, i.e.. less than .•* per cent. 

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

I1* 
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5.3. Preparation of Sample Pellets 
a. Transfer 0,25g (±0,2 mg) of sample, 15g (± 0,1 g) of BaO,, 2g (± 0,1 g) of LiOH, and 0,2g 

(± 0,2 mg) of Cr 20 3 to a zirconium crucible, and mix well with a spatula (Note 4). 
b. Proceed according to 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 R + ' » X ° ' 2 5 • 100 (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 worn 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. 

7. REFERENCE 
1. AUSTEN. C.E., TOLMA Y, R.T., and STEELE, T.W. A single-standard calibration method for 

use in analysis by X-ray-fluorescence spectrometry. Johannesburg, National Institute for 
Metallurgy, Report 1784. Feb. 1976. 
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APPENDIX M 

INSTRUMENTAL NEUTRON-ACTIVATION ANALYSIS' OF ANODE SLUDGES FOR SILVER, 
ANTIMONY, SELENIUM, GOLD. ARSENIC, AND COPPER 

(LABORATORY METHOD NO. 0/17) 

E.2 Anodt sludgM, •tamMrts in 

1. OUTLINE OF THE METHOD 
Small samples (in milligram amounts) are encapsulated in polyethylene vials and irradiated in the 

pneumatic system of the Safari 1 reactor at Pelindaba. The samples and standards are then counted by a 
Ge(Li) detector. The flux is monitored by the use of iron-foil discs. 

2. APPLICATION OF THE METHOD 
The procedure is suitable for the determination of Ag, Se, Zn, Ni, Fe, Sn, Cu, As, Au, and Sb in anode 

sludges. Low concentrations of Ni (<2 per cent), Fe (<1 per cent), and Zn (<1 per cent) cannot be 
determined. Pb cannot be determined. 

The main interferences are caused by the high activity of gold-198 and copper-64, which increases the 
background at energies below 511 kV. Other sources of interference are given in Table III—1. 

TABLE III—] 
Sources of interference 

Energy Energy 
Isotope keV Interfering isotope keV 
"""AE 658 7 , i As 657 

: S e 264 ""Au 411* 
T:'Se 279» 

w l m Z n 439 , ! w A u 411* 
'*Cu 511* 

•-•Sb 564 7«As 563 
* Interferences arising from background effects 

3. APPARATUS 
(1) Polyethylene Irradiation Vials 

0,5cm\ andO,lcm\ 
(2) irradiation Rabbits 

for the pneumatic system. 
(3) Counting System 

Shim steel (0,05 mm) 
Polyurethane spacers 
Counting vials. 

4. STANDARD SOLUTIONS 
Prepare the following standard solutions. 
(1) Zinc (JOOg/l) and Copper (SO gll) 

Dissolve the appropriate amounts of zinc or copper in 50 per cent (v/v) nitric acid. 
(2) Gold (4 to 5git) and Selenium (20g/l) 

Dissolve the appropriate amounts of copper or selenium (cold dissolution for the latter) in aqua 
regia. 

(3) iron (400gll), Tin (SOOgll), and Nickel (300gll) 
Dissolve the appropriate amounts of the metal concerned in hydrochloric acid. 

(4) Silver (100gll) 
Dissolve the appropriate amount of silver nitrate in 15 per cent (v/v) nitric acid. 

(5) Antimony (5 gll) 
Dissolve the appropriate amount of antimony tartrate in 10 per cent (v/v) hydrochloric acid. 
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(6) Arsenic (4 gll) 
Dissolve the appropriate amount of arsenious oxide in a caustic soda solution. 

5. PREPARATION OF STANDARDS 
a. Pipette 100/xl of each standard solution into 0,5cm : t irradiation vials in the following groups. 

Group! Se, Sb 
Group II Ag, Zn, Ni, Fe 

Group III Cu, Au, As, Sn. 
b. Dry the standards for 48 hours in a heated desiccator at a temperature of 40 °C to 50 °C. 

6. PREPARATION OF SAMPLES AND STANDARDS FOR IRRADIATION 
a. Accurately weigh 10 to 50 mg of each sample into irradiation vials 
b. Prepare a duplicate of each sample. Use the duplicate for the dete mination of the irradiation 

required. (The radiation measured when a counter is placed in contact with a rabbit should not 
exceed 1 R) 
Punch out an iron-foil disc for each standard and sample, and pack the discs into 0,1 cnr' irradiation 
vials. 
Pack each sample or standard vial, together with a monitor vial, into a rabbit. Use polyurethane 
spacers, and ensure that the two vials are as close together as possible and cannot move. 

c. 

d. 

a. 

b. 

IRRADIATION AND COUNTING PROCEDURE 
Irradiate each rabbit for about 6 minutes (the duration can be estimated from the radioactivity of 
the test rabbits) complying with all necessary safety regulations. 
Allow the samples to decay for 12 hours and then pack them into counting vials. 
Count the samples and standards by means of the counting system at decay times of 1 day and 6 
days and the monitor at any convenient decay time after 1 day. Use a counting time of 900 s for the 
first count and 3600 s for the second. Adjust the sample-to-detector distance so that the dead time 
of the most active sample does not exceed 20 per cent. 
Process all the results according to the methods and programme used by the Activation Analysis 
Research Group at the University of the Witwatersrand. 
From the print-outs, extract the values for the isotopes and energies given in Table III-2. 
Extract the data for ''"Fe at !099keV from the flux monitor data. 
Correct for As interference on '--Sb at 564 keV by determining the ratio between the 559 keV and 
the 563 keV peaks from the 7"As standard. Apply the ratio to the samples. 
Normalize all the counts for the flux as fallows: 

f. 

g-

Normalized counts = Counts fur isotope in sample or standard 
Counts for ''"Fe in monitor used 

TABLE III-2 
Data for peak extraction 

Energy 
Isotope keV 
IKim^g 1384 

r'Se 136 
"Zn I 115 

"•"Co(Ni) 811 
,i:'Cu 1346 
7 , iAs 559 

,!'"Au 412 
'-'Sb 1691 
•!'Fe 1099 
'--Sb 564 

REFERENCE 
1. EDDY, B.T., and MNG ADI. T.J. The application of instrumental neutron-activation analysis to 

routine analytical samples. Johannesburg, National Institute for Metallurgy. Technical 
Memoradum 10916. Aug. 1977. 
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APPENDIX IV 

THE SPECTROCHEMICAL DETERMINATION OF MAJOR AND MINOR ELEMENTS IN ANODE 
SLUDGES 

(LABORATORY METHOD NO. 0/16) 

E.2 Anodt sludges, «teiiMnts in 

1. OUTLINE OF THE METHOD 
A direct-reading spectrochemical procedure using an induction-coup!ed plasma (ICP) source1 is used 

for the determination of 23 elements in anode slime (Table IV-1). Hie sample is fused with sodium 
peroxide in a zirconium crucible (Note 1) and leached in 60 ml of 50 per cent (v/v) hydrochloric acid. After 
50 ml of concentrated hydrochloric acid has been added, the solution is transferred to a 200 ml volumetric 
flask. This is followed by the addition of 10 ml of a scandium solution (1 g/1) as an internal standard, after 
which the solution is made up to volume. 

The sample solution, together with a set of calibration standards, is presented to the ICP source, the 
integration time being related to a predetermined number of counts for the internal standard. Graphs are 
constructed of digital-voltmeter readings versus concentration for each of the analytes. No chemical or 
matrix interferences are observed, although spectral interference from vanadium is evident on the tin line. 
A correction procedure is applied to overcome this (Figure IV-1). 
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Í 
* 0.6 -{ 

! 
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i 

1,0 

v,% 

FIGURE IV-1. Correction graph for the interference of vanadium on tin 

2. APPLICATION OF THE METHOD 
The procedure has been applied to the analyses of all the elements over the concentration ranges set 

out in Table IV-1. The upper range can be extended by five-fold dilution of the sample. 
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TABLE IV-1 

Concentration range of the elements determined 

Element Concentration range, % 

As ' 
Sb 
Mg 
Co 
Cd 
Ni 
Cu • 0,1 to 5 
Te 
Se 
Al 
Ca 
V 
Ti 
Cr 
Zr 
Mo . 
Sn 0.5 to 5 
Ag "J 
Pb 
Zn V 0.5 to 10 
Si 

Mn .. 
Fe 0,5 to 20 

3. APPARATUS 
(1) Zirconium Crucible (40 ml) 
(2) Hilger Polyvac EI000 Spectrometer with Manually Controlled Electronics 
(3) ICP Torch- Coupled to a Radyne-Delapena RD 150/H Generator 

4. REAGENTS 
(1) Sodium Peroxide Granules 

A.R. grade, Merck 6563. 
(2) Hydiochloric Acid 

Relative density 1,19, A.R. grade. 
(3) Diethylenelriamine 

Technical grade. 
(4) Johnson Matthey Specpure Chemicals 

Dissolve these in the concentrations set out in Table IV-2. 
(5) Scandium Solution, lg/1 

Dissolve 1,53 g of scandium oxide (of purity not less than 99 per cent) in 200 ml of 50 per cent (v/v) 
hydrochloric acid, adding 5 drops of hydrogen peroxide to complete the dissolution. Transfer to a 
1000 ml volumetric flask, and make up to volume with distilled water. 

(6) Diluent 
Dissolve 15 g of sodium chloride in distilled water and transfer to a 1000 ml volumetric flask. Add 
300 ml of concentrated hydrochloric acid and 50 ml of scandium solution (1 g/l), and make up to 
volume with distilled water. 

5. PREPARATION OF CALIBRATION STANDARDS 
a. Transfer 15g of sodium chloride to each of three 1000ml volumetric flasks. 
b. Add 300 ml of concentrated hydrochloric acid to each flask. 

:4 
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c. Add 50ml of scandium solution (1 g/1) to each flask. 
d. Add the analytes as set out in Table 1V-2. 

e. Make up to volume with distilled water. 

TABLE 1V-2 

Preparation of calibration standards 

Standard 1 Standard 2 Standard 3 

Vol. Soln Concn* Vol. Soln Concn* Vol. Soln Concn* 
Element ml g/1 % ml g/1 % ml g/1 % 

As ^ 
Cá 
Co 
Cu 

• 10 0,1 0,1 5 5 2,5 10 5 5 

Ni 
Sb J 
Snt 10 0,1 0,9 5 5 3,0 10 5 5,2 
Al "| 
Ca 
Cr 
Mg 
Mo 
Se 

> 10 5 5 5 5 2,5 10 0,1 0.1 

Te 
Ti 
V 
Zr . 
Ag^| 
Pb } 20 5 10 10 5 5 10 0,5 0.5 
Zn J 
Mn "1 
Si / 

10 0,5 0,5 10 5 5 20 5 10 

Fe 10 0,5 0,5 10 10 10 20 10 20 

* Concentration calculated on the basis of 0.2 g of sample in 200 ml of solution. 
t The concentration of tin in each standard is corrected with respect to the amount of vanadium present (Figure IV-1). 

6. PREPARATION OF SAMPLE SOLUTIONS 
a. Weigh 0,2 g of the sample into a zirconium crucible (Note 1). 
b. Add 2g of sodium peroxide and mix well with a glass rod. 
c. Fuse the sample o\er a burner, starting at a low heat and gradually increasing the temperature until 

the sample has dissolved completely. Continue the fusion at the maximum temperature (dull-red 
heat) for about 1 minute. 

d. Allow the crucible and melt to cool, and transfer to a 250 ml squat beaker containing 60 ml of 
1-to-l hydrochloric acid. Cover the beaker with a watch-glas», and allow it to stand until the 
reaction stops. 

e. Lift the crucible out of the leach liquor with a glass rod and, holding the crucible over the beaker, 
rinse it well with distilled water. 

f. Add a further 50 ml of concentrated hydrochloric acid to the leach liquor. 
g. Transfer the beaker to a hot-plate and heat it until the solution is clear. 
h Cool the solution and then transfer it to a 200 ml volumetric flask. Wash the beaker three times with 

water, transferring the washings to the flask, 
i. If a precipitate of silver forms, add 5 ml of diethylenetriamine and shake the solution vigorously 

until it becomes clear. 

25 
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j . Add 10 ml of the 1 g/1 scandium solution, and make up to volume with distilled water, 
k. Transfer 10 ml of the sample solution to a dean, dry SO ml volumetric flask, and make up to volume 

with the diluent listed as (6) in Section 4. 

7. INSTRUMENTAL PARAMETERS 
The settings on the Hilger measuring console are given in Table IV-3. 

TABLE IV-3 

Settings on the Hilger measuring console 

Spectral Spectral Spectral 
Element Dynode line, nm Element Dynode line, nm Element Dynode line, nm 

As 10 193,7 Al 9 308,3 Ag 6 338,3 
Cd 7 226,5 Ca 7 317,9 Fe 3 259.9 
Co 7 228,6 Cr 6 283,5 Mn 2 257,6 
Cu 7 327,4 Mg 5 279,5 Pb 10 405,7 
Ni 8 231,6 Mo 7 287,1 Si 5 251,6 
Sb 10 206,8 Se 10 196,0 V 7 311,1 
Sn 10 303,4 Te 9 214,3 Zn 7 213,8 
Zr 5 339,2 Ti 6 337,3 Sc 7 255,2 

OPERATING CONDITIONS 
1. Hilger Spectrometer 

Integration on scandium 
Preburn 10 s 
Adjust integration time on scandium channel to 20 s ± 1,0 s 
Set auto level to twice the number of millivolts shown on the scandium channel (3000) 

2. ICP System' 
191/min (manometer 17) 
2,5 l/min (manometer 8) 
501/min (manometer 9) 
11 kW (5,2 kV) 
16mm 

Flow-rate of plasma gas (argon) 
Flow-rate of aerosol gas (argon) 
Flow-rate of cooling gas (nitrogen) 
Approximate power input 
Observation height above coil 

PROCEDURE 
a. Switch on the Radyne-Delapena Generator and the radio-frequency oscillator at least 30 minutes 

before operating the ICP torch. Place the 'Danger RF on* sign on top of the torch assembly. 
Set the Hilger measuring console as indicated in Table IV-3 (Note 2). 
Start the ICP torch, and adjust the parameters as set out in part 2 of Section 8. 
Switch on the extraction fan, and switch the power-supply stabilization unit to 'On' and 'Maintain'. 
To stabilize the photomultipliers, set the measuring console on 'Hold' and aspirate a previously 
analysed solutioi. r.der the conditions set out in part 1 of Section 8. Repeat ten times. 
Switch off the 'Hold', and aspirate each calibration standard twice. Aspirate distilled water for 20 s 
after each change of standards. 
Aspirate 4 samples twice each in the same way as for the calibration standards. 
Check the calibration as described in step f, and continue with a further 4 samples. Repeat this 
operation until all the samples have been aspirated, and then check the calibration again. 
Construct calibration curves for each of the elements by plotting the digital-voltmeter readings 
against the concentrations given in Table IV-2, and from the curves derive the concentration of the 
compounds in the samples. 
Read from the graph (Figure IV—1) the percentage correction to be made to the value for tin 
because of the presence of vanadium, and deduct this from the gross value for tin. 

b. 
c. 
d. 
e. 

f. 
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10. NOTES 
1. When the determination of zirconium is required, fuse 0,2 g of sample with 0,5 g of sodium 

carbonate and 1,5 g of sodium peroxide in a vitreous-graphite crucible. The samples must be finely 
ground and homogeneous. 

2. When tin is being determined, the vanadium content of the sample has to be determined so that the 
interference of a weak vanadium line on the tin line can be compensated for. 

11. REFERENCES 
1. GREENFIELD, S., JONES, I.J., McGEACHIN, H. McD., and SMITH. P.B. Automatic 

multi-sample simultaneous multi-element analyses with a H.F. plasma torch and direct-reading 
spectrometer. Analyt. Chim. Acta, vol. 74. 1975. pp. 225-245. 

2. WATSON, A.E., RUSSELL, G.M., BALAES, G., and STEELE, T.W. The commissioning of 
an induction-coupled plasma system and its application to the analyses of copper, lead, and zinc 
concentrates. Johannesburg, National Institute for Metallurgy, Report 1815, Apr. 1976. 18 pp. 
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APPENDIX V 

THE SPECTROGRAPHIC DETERMINATION OF TWELVE IMPURITY ELEMENTS IN 
HIGH-PURITY SILVER 

(LABORATpRY METHOD NO. 47/5) 

E.2 Silver, «torrent» in 

1. OUTLINE OF THE METHOD 
The sample is dissolved in 50 per cent (v/v) nitric acid, evaporated to dryness, heated until the silver 

nitrate melts, and cooled and crushed to a fine powder. A weighed amount of the silver nitrate is packed into 
an electrode, spectrograms are taken, and comparisons are made with silver nitrate standards. 

2. THE APPLICATION OF THE METHOD 
The method is applicable to high-purity silver containing impurity elements in the range 300 p.p.m. to 

1 p.p.m. The precision is between 15 and 20 per cent. 

3. APPARATUS AND REAGENTS 
(1) Spectrograph 

Jarrell-Ash 3,4 m Ebert, with a grating of 1200 lines per millimetre. 
(2) Excitation Source 

Jarrell-Ash Custom Varisource. 
(3) Microphotometer 

Hilger and Watts console with digital read-out. 
(4) StallwoodJet 

Boumans and Maessen- design. 
(5) Photoprocessor 

Jarrell-Ash Photoprocessor. 
(6) Plates 

Agfa-Gevaert Scientia plates. Type 34B50 (2 plates in the middle of the camera). 
(7) Electrodes 

National Carbon L4018 undercut (bottom). 
Ringsdorff RW0062, cone-shaped (top). 

(8) Reagents 
Silver grain, highest purity available. 
Adefo rapid X-ray developer. 
M & B Amfix high-speed fixer. 
M & B hardener type S. 

4. EXPERIMENTAL CONDITIONS 
Filter Stepped filter no. 5 (100 per cent transmittance, and 40 per cent transmittancc) 
Grating angle 10,00° 
Analytical gap 4 mm 
Slit width 20 fim 
Slit height 2 mm 
Excitation 12 A 
Exposure 45 s 
Atmosphere Mixture of 75 per cent argon (rotameter reading 25) and 25 per cent oxygen 

(rotameter reading 5). Tangential gas flow 51/min argon. 
Photoprocessing 5 min in Adefo developer at 20 °C 

15 s in 1 per cent acetic acid stop-bath 
2 min in M & B fixer and hardener 
10 min wash in running water 
Dry in a stream of hot air 
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5. REFERENCE STANDARDS 
Dissolve 20,0 g of silver grain (highest purity available) in 100 ml of 10 per cent (v/v) nitric acid. 

Transfer to a 200 ml volumetric flask and make up to volume. 

Prepare a 1 g/1 solution, in 25 ml flasks, of each of the following elements: 
(i) Cu metal 25 mg dissolved in nitric acid, 

(ii) Ni sponge 25 mg dissolved in nitric acid, 
(iii) Bi as BiO, 28 mg dissolved in nitric acid, 
(iv) Fe sponge 25 mg dissolved in nitric acid. 
(v) Pb as PbO 27 mg dissolved in nitric acid. 
(vi) Pd metal 25 mg dissolved in nitric acid and the minimum amount of hydrochloric acid, 

(vii) Pt sponge 25 mg dissolved in aqua regia. 
(viii) Au sponge 25 mg dissolved in aqua regia. 

(ix) Rh as (NH4)3RhCl«-lV2H20 83.6mg dissolved in hydrochloric acid. 
(x) Te as Te0 2 31,3 mg dissolved in hydrochloric acid, 
(xi) As sponge 25 mg dissolved in hydrochloric acid, 

(xii) Sb sponge 25 mg dissolved in aqua regia. 

From the above solutions, prepare the following solutions: 
(a) 005 gll Solution 

Transfer 5 ml of each of solutions (i) to (vi) to a 100 ml volumetric flask and make up to volume. 
(b) 0005 gll Solution 

Transfer 10ml of solution (a) to a 100 ml volumetric flask and make up to volume. 
(c) 00005 gll Solution 

Transfer 10 ml of solution (b) to a 100 ml volumetric flask and make up to volume. 
id) 0J5 gll Solution 

Transfer 5 ml of each of solutions (vii) to (x) to a 50 ml beaker and evaporate to approximately 
3 ml. Transfer to a 20 ml volumetric flask, add 2 ml of concentrattd hydrochloric acid and 5 ml of 
solutions (xi) and (xii) each, and make up to volume. 

(e) 0025gll Solution 
Transfer 2 ml of solution (d) to a 20 ml volumetric flask, add 2 ml of concentrated hydrochloric 
acid, and make up to volume. 

(fi 00025 gll Solution 
Transfer 2 ml of solution (e) to a 20 ml volumetric flask, add 2 ml of concentrated hydrochloric 
acid, and make up to volume. 

Prepare the standards in porcelain dishes as follows: 
300 pjt.m. Standard 

To 25 ml of the 100 g/1 Ag solution, add 15 ml of solution (a) and 3 ml of solution (d) while stirring 
with a glass rod to disperse the AgCl that will form. 

All the remaining standards are prepared in a similar manner. 
100 pf.m. Standard 

25 ml of the 100g/I Ag solution +5 ml of solution (a) +1 ml of solution (d) 
30 p.p.m. Standard 

25 ml of the 100g/1 Ag solution +15 ml of solution (b) +3 ml of solution (e) 
10 p.p.m. Standard 

25 ml of the 100g/1 Ag solution +5 ml of solution (b) +1 ml of solution (e) 
3 p.p.m. Standard 

25 ml of the 100g/1 Ag solution +15 ml of solution (c) +3 ml of solution (f) 
1 pf.m. Standard 

25 ml of the 100 g/1 Ag solution +5 ml of solution (c) +1 ml of solution (f) 

Transfer the standards to a water-bath and evaporate to dryness. Heat the standards under infrared 
lamps until the silver nitrate melts, and then cool them in a desiccator. Transfer the melt into plastic vials 
containing mixing balls, and shake on a mixer mill until a fine powder is formed. Store in a dark place. 
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6. PROCEDURE 
6.1. Preparation of Sample and Packing of Electrodes 

(a) Dissolve a I g portion of the silver sample in 20 ml of a 50 per cent (v/v) nitric acid solution in an 
evaporating dish on a hot-plate. Transfer to a water-bath and evaporate to dryness. Continue 
drying under an infrared lamp until the silver nitrate melts in the evaporating dish. Cool the melt, 
remove it from the dish, and grind to a fine powder, on a mixer mill, in a plastic vial containing a 
Flexiglass ball. 

(b) Remove the Flexiglass ball from the vial, weigh out 180 mg of the sample, and transfer it to an 
electrode. 

Treat all the calibration standards and samples similarly. 

6.2. Excitation of Samples and Processing of Recorded Spectra 
(a) Excite the calibration standards and samples under the conditions set out in Section 4 and record 

the spectra. 
(b) Process the exposed plates as described above and dry them in a stream of hot air. 
(c) Read the analytical lines tabulated in Table V-l . 

TABLE V-l 

Analytical lines and the range covered in the determination of impurity elements 

Analytical Range Analytical Range 
Element line, nm p.p.m. Element line, nm p.p.m. 

As 234,98 300 to 30 Ni 300,36 300 to 3 
Au 267,59 300 to 10 Ni 300,25 100 to 1 
Bi 306,/7 300 to 1 Pb 283,30 300 to 1 
Cu 249,21 300 to 30 Pd 340,46 300 to 3 
Cu 324.75 30 to 1 Pt 306,47 300 to 3 
Fe 254,96 300 to 10 Rh 343,49 300 to 3 
Fe 259,94 30 to 1 Sb 259,80 300 to 3 

Te 238,57 300 to 30 

6.3. Calibration 
Construct calibration curves from the intensity (percentage transmittance) of the analytical lines of the 

standards versus the concentration in the standards. Calculate the concentration of the impurity elements in 
the samples from these curves. 

7. DISCUSSION 
The method as described is semi-quantitative since no internal standard is used. Lincoln and Kohler'. 

upon whose method this is based, use silver as the internal standard, but this was not found to be very 
satisfactory for the majority of the elements under investigation. This is possibly because the usable silver 
lines are ion lines, whereas most of the analytical lines are atom lines. 

Should greater precision and accuracy be required, selected internal-standard elements can be added 
to the silver nitrate solution before the standards or samples are dried. If this is done, the mass of sample 
taken for analysis would have to be established accurately. 

8. REFERENCES 
1. LINCOLN. A.J., and KOHLER, J. Technical Bulletin, Engelhard Industries, vol. I. no. 3. Dec. 

I960. 
2. BOUMANS. P.W.J.M.. and MAESSEN. F.J.M.J. Spectrochim Acta, vol. 24B. 1969, p. W. 
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APPENDIX VI 

THE SPECTROGRAPHIC DETERMINATION OF TWENTY-EIGHT IMPURITY ELEMENTS IN 
HIGH-PURITY GOLD 

(LABORATORY METHOD NO- 79/11) 

E.2 Gold, «temmt» in 

1. OUTLINE OF THE METHOD 
The .ample is dissolved' in 3 parts of hydrochloric acid, I part of nitric acid, and 1 part of distilled 

water. High-purity graphite powder is added, and the gold is precipitated with a 34 per cent solution of 
hydrazine hydrate. The solution is then evaporated to dryness under an infrared lamp. A weighed amount 
of the gold-graphite mixture is pressed into a pellet, the pellet is mounted on an electrode, and 
spectrograms are taken. Comparisons are made with gold calibration standards prepared in a similar 
manner. Gold is used as the internal standard. 

2. APPLICATION OF THE METHOD 
The method is applicable to the analysis of high-purity gold containing impurity elements over a range 

of 100 p.p.m. to 1 p.p.m. The precision is between 5 and 10 per cent. 

3. APPARATUS AND REAGENTS 
(1) Spectrograph 

Jarrell-Ash 3,4 Ebert with a grating of 1200 lines per millimetre. 
(2) Excitation Source 

Jarrell-Ash Custom Varisource. 
(3) lUicropholomeler 

Hilger and Watts console with digital read-out. 
(4) StallwoodJet 

Boumans and Maessen- design. 
(5) Photoprocessor 

Jarrell-Ash Photoprocessor. 
(6) Calculators 

Respectra Spectrochemical Calculator. 
(7) Press 

RI1C Ring Press (25 ton). 
(8) Plates 

Agfa-Gevaert Scientia Plates Type 34B 50 (2 plates in the middle of the camera). 
(9) Electrodes 

Ringsdorff RW0062, cone-shaped (top electrode). 
Ringsdorff RW0027, with a hole 1,5 mm deep and 4 mm in diameter cut in the top. 

(10) Gold Sponge 
Purity >99,999 per cent. 

(11) Ringsdorff Graphite 
Grade RW A. 

(12) Hydrazine Hydrate, 99 to 100 per cent 
BDH Laboratory reagent. 

(13) Hydrazine Hydrate, 34 per cent (v/v) 
Transfer 340 ml of hydrazine hydrate to a 1000 ml volumetric flask and make up to volume with 
distilled water. 

(14) Adefo Rapid X-ray Developer 
(15) M&B Amjix High-speed Fixer 
(16) M&B Hardener 

Type S. 
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4. EXPERIMENTAL CONDITIONS 
Filter 
Grating angle 
Analytical gap 
Slit width 
Slit height 
Excitation 
Exposure 
Atmosphere 

Photoprocessing 

Stepped filter no. 5 (100 per cent transmittance, and 40 per cent transmittance) 
9,50° 
4 mm 
25 fim 
2 mm 
20A 
30 s 
Mixture of 75 per cent argon (rotameter reading 25), and 25 per cent oxygen 
(rotameter reading 5). Tangential gas flow 5 l/min argon 
5 min in Adefo developer at 20 °C 
15 s in 1 per cent acetic acid stop-bath 
2 min in M & B fixer and hardener 
10 min wash in running water 
Dry in a stream of hot air 

PREPARATION OF CALIBRATION STANDARDS 
a. Dissolve 32,0g of gold sponge in 60 ml of hydrochloric acid. 

e. 
f. 

g-
h. 

0 ml of nitric acid, and 20 ml of 
distilled water. 
Transfer the solution to a 200 ml volumetric flask. Wash the oeaker three times with distilled water, 
transferring the washings to the flask, and make up to volume with distilled water. 
Prepare solutions A and B in 200 ml flasks as set out below. 
The solutions consist of 2,0 ml of a 1,0 g/1 concentration of each of the following elements: 
Solution A 
Cd, Ca, Cu, Si. Ir. Fe, Pb, Mg. Mo. Pd, Ru. Ti, Te. and Sn. 
Solution B 
Al, As, Bi, B, Cr, Co, Mn. Ni. Os. Rh. Ag, Zn. and Pt. 
Add 40 ml of hydrochloric acid to each flask, and make up to volume with distilled water. The 
concentration of each element in solutions A and B is 0.01 g/l. 
Prepare solution C as follows. Transfer 20 ml of each of solutions A and B to a 200 ml volumetric 
flask, add 40ml of hydrochloric acid, and make up to volume with distilled water. The 
concentration of each of the elements in solution C is 0,001 g/l. 
Transfer 25 ml of the gold solution to each of 7 porcelain dishes. 
Add 2 g of high-purity graphite to each of the dishes, and stir with a glass rod until the graphite is 
completely covered. 
Add the impurity elements from solutions A, B. and C as set out in Table VI—1. 
Slowly add 80 ml of 34 per cent hydrazine hydrate solution to each of the dishes while stirring the 
gold solution with a glass rod. 
Cover the dishes with "speedy-vaps' and evaporate to dryness on a water-bath. 
Place the dishes under infrared lamps and continue the evaporation until the standards are 
completely dry. 
Transfer the gold-graphite mixtures to plastic vials, add five small Plexiglas balls, and blend on a 
Spex mixer mill for 5 minutes. 

TABLE VI-1 
The addition of impurity elements to reference standards 

Concn of impurities Group of Vol. 
in Au, p.p.m. elements Soln ml 

100 A A 40 
100 B B 40 
30 A A 12 
30 B B 12 
10 A + B C 40 
3 A + B C 12 
1 A + B C 4 
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6. PROCEDURE 
a. Dissolve a 1 g portion of the gold sample in 6 ml of hyd.ochloric acid, 2 ml of nitric acid, and 2 ml of 

distilled water in a porcelain dish. 
b. Add 500 mg of high-purity graphite, and stir with a glass rod until the graphite is completely 

covered. 
c. Slowly add 20 ml of 34 per cent (v/v) hydrazine hydrate solution while stirring with a glass rod. 
d. Place the dish under an infrared lamp and heat until all the liquid has been evaporated. 
e. Transfer the sample-graphite mixture to a plastic vial, add a large Plexiglas ball, and blend for 3 

minutes on the Spex mixer mill. 
f. Transfer a 200 mg portion of the sample-graphite mixture to the die (4 mm in diameter) and press 

into a pellet (total load of 2 tons on the ring press). Mount the pellet on the electrode shaped for this 
purpose. Prepare all the samples and standards in duplicate. 

g. Expose an iron reference spectrum at 7 A for 10 s, and excite the standards and samples under the 
conditions set out in Section 4. 

h. Process the plates as described in Section 4, and dry them in a stream of hot air. 
i. Read, from the microphotometer, the percentage transmittance of suitable iron lines in both 

exposure steps of the iron reference spectrum, and construct an emulsion-calibration curve on the 
calculating board using the K and -y values calculated according to the two-step method of 
Honejager-Sohm and Kaiser', 

j . Read the percentage transmittance of the appropriate analytical and internal-standard lines (as set 
out in Table VI-2) for the various elements in the calibration standards and samples. Convert the 
values to log-intensity ratios from the emulsion-calibration curve, 

k. On semi-logarithmic paper, construct calibration curves for the various elements. Plot log-intensity 
ratios against the concentration of the standards, and derive the concentration of the elements in 
the samples from these curves. 

TABLE VI-2 
Analytical lines 

Analytical Internal std Analytical Internal std 
Element line, nm line (Au), nm Element line, nm line (Au), nm 

Cd 228,8*1 Ca 317,9 "1 
Fe 259,9 Cu 324,7 
Si 251,9 ir 322,1 
Mg 278.0 Pb 283,3 
Te 238,6 > 268,7 Mo 317,0 
As 235,0 Pd 340.5 
B 249,8 Ru 343,7 > 295,4 
Co 242,5 Ti 334,9 
Mn 257,óJ Sn 284,0 
Ni 300,3 ̂  Al 308,2 
Os 290,9 Bi 306,8 
Rh 343,5 V 295,4 Cr 284,3 
Ag 338.3 Pt 306,5 J 
Zn 334,5J 

7. REFERENCES 
1. LINCOLN, A.J., and KOHLER, J.C. Developments in applied spectroscopy. Vol. 3. London, 

Plenum Press. 1964. pp. 265-278. 
2. BOUMANS, P.W.J.M., and MAESSEN, F.J.M.J. Influences of the physical and chemical 

processes in the electrode cavity of the gaseous atmosphere in the arc on the emission 
characteristics of the d.c. arc for spectrochemical analysis. I. Efficiency of particle transport from 
the electrode cavity to the excitation zone. Speclrochim. Ada, vol. 24B. 1969. pp. 585-610. 

3. HONERJÁGER-SOHM. M., and KAISER, H. Correction for background in the 
measurements of intensity ratios. (In German.) Spectrochim. Acta, vol. 2. 1944. pp. 396-416. 
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APPENDIX VII 

THE SPECTROGRAPHS DETERMINATION OF IMPURITIES IN HIGH-PURITY 
SELENIUM AND TELLURIUM 

(LABORATORY METHOD NO. 34/2) 

E.2 Selenium, impurities in 
E.2 Tellurium, impurities in 

1. OUTLINE OF THE METHOD 
A weighed amount of the sample of powdered metal is packed into an elect'ode, spectrograms are 

taken, and comparisons are made with powdered-metal calibration standards. 

2 APPLICATION OF THE METHOD 
The method is applicable to the determination in high-purity selenium and tellurium of impurity 

elements over the range 670 p.p.m. to 0,3 p.p.m. The precision is between 10 and 20 per cent. 

3. APPARATUS AND REAGENTS 
(1) Spectrograph 

Jarrell-Ash 3,4 m Ebert with a grating of 1200 lines per millimetre. 
(2) Excitation Source 

Jarrell-Ash Custom Varisource. 
(3) Microphotometer 

Hilger and Watts console with digital read-out. 
(4) Slallwood Jet 

Boumans and Maessen' design. 
(5) Photoprocessor 

Jarrell-Ash Photoprocessor. 
(6) Plates 

Agfa-Gevaert Scientia plates. Type 34B50 (2 plates in the middle of the camera). 
(7) Electrodes 

National Carbon L40I8 undercut (bottom). 
Ringsdorff RW0062 (cone shaped, top). 
Tellurium metal, highest purity available. 

(8) Reagents 
Selenium metal, highest purity available. 
Adefo rapid X-ray-developer. 
M & B Amfix high speed fixer. 
M & B hardener. Type S. 

4. EXPERIMENTAL CONDITIONS 
Filter Stepped filter no. 3 (100 per cent transmittance, and 18 per cent transmittance) 
Grating angle 10.00° (230 nm to 355 nm) 
Analytical gap 4 mm 
Slit width 18 Mm 
Slit height 2 mm 
Exposure 90 s 
Excitation 18 A (tellurium) 

15 A (selenium) 
Atmosphere Mixture of 75 per cent argon (rotameter reading 25) and 25 per cent oxygen 

(rotameter reading 5). Tangential gas flow 51/min argon 
Photoprocessing 5 min in Adefo developer at 20 °C 

15s in 1 per cent acetic acid stop-bath 
2 min in M & B fixer and hardener 
10 min wash in running water 
Dry in a stream of hot air 
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5. PREPARATION OF CALIBRATION STANDARDS 
Prepare three stock standards- for each of selenium and tellurium as follows. 
a. Using the highest-purity metals available, melt the impurity elements with selenium or tellurium in 

a quartz tube, sealed under vacuum, at the concentration levels set out in Table VII-1. 
b. Place the sealed tubes in steel jackets and transfer to a cold furnace. Heat to the specified 

temperature and leave for 7 hours. Leave to cool over night in the furnace. 
c. Cut the tube and carefully remove all of the material from inside the tube. Grind it to a fine powder 

in an agate mortar, and blend it for 5 minutes in a mixer mill. Store the powder in a plastic vial. 
d. Prepare a set ot ten-fold diluted standards as follows. Transfer 200 mg of the stock standard to a 

quartz tube, add 1800 mg of selenium or tellurium, and seal the tube under vacuum. Treat the tubes 
as described in a, b, and c, but in this instance heat them all to 500 °C and leave for 4 hours. Grind 
the material in an agate mortar and blend for 5 minutes in a mixer mill. Store in plastic vials marked 
appropriately Al , BI. and CI. 

TABLE VII-1 
Preparation of the stock standards 

Element 
Mass, 

mg 
Concn 

% 
Fusion 

temp., "C 

Std A 

Cu 
Fe 
Ni 
Au 
Ag 

Se or Te 

20 
20 
20 
20 
6,0 

1914 

1,0 
1,0 
1.0 
1,0 
0,3 

900 

StdB 
Bi 
Pb 
As 

Se or Te 

40 
40 
40 

1880 

2,0 
2,0 
2,0 

500 

StdC 

Sb 
Pt 
Pd 
Te 

Se or Te 

40 
40 
40 
40 

1840 

2,0 
2,0 
2,0 
2,0 

900 

Prepare calibration standards as follows. 
Std 1 l.Ogof Std Al + l.Ogof StdBl + l.Ogof StdCl . 

Mix in an agate mortar under methanol and dry in an oven at 80°C. Transfer to a plastic vial 
containing 4 Plexiglas balls, and blend for 10 minutes in a mixer mill. The concentration of :ne 
impurity elements in each standard is given in Table VII-2. 

TABLE VII-2 
Concentration of the impurity elements in the calibration standards 

Elements 

Concentration, p.p.m. 

Elements Std 1 Std 2 Std 3 Std 4 Std 5 Std 6 

Cu, Fe, 
Ni, Au 330 99 33 10 3,3 1 

Ag 100 30 10 3 1 0,3 

Bi. Pb. 
As. Sb, Te, 
Pt. Pd 

670 200 67 20 6.7 2 
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Std 2 300 mg of Std 1 + 700 mg of Se or Te. Mix with a mixer mill in a plastic vial containing 5 small 
balls for 10 minutes. All the standards are mixed in a similar way. 

Std 3 100 mg of Std 1 + 900 mg of Se or Te. 
Std 4 100 mg of Std 2 + 900 mg of Se or Te. 
Std 5 100 mg of Std 3 + 900 mg of Se or Te. 
Std 6 100 mg of Std 4 + 900 mg of Se or Te. 

6. PROCEDURE 
6.1. Preparation of Samples and Packing of Electrodes 

a. If the sample is not finely divided, crush it in an agate mortar before it is analysed. 
b. For the analysis of selenium, transfer 120mg of the sample to an electrode. 
c. For the determination of the impurities in tellurium, transfer 100 mg of the sample to an electrode. 
d. Pack all the calibration standards and samples in duplicate. 

6.2. Excitation of Samples and Processing of Recorded Spectra 
a. Expose an iron reference spectrum at 5 A for 10 s. 
b. Excite the calibration standards and samples under the conditions set out in Section 4. and record 

the spectra. 
c. Process the exposed plate as described in Section 4, and dry in a stream of hot air. 
d. Read the analytical lines specified in Table VII—3. 

TABLE VII-3 

Analytical lines and range covered in the determination of 
impurity elements 

Element Analysis line 
nm 

Range, p.p.m. 

Element Analysis line 
nm Se Te 

Ag 
As 
Au 
Bi 
Cu 
Fe 
Ni 
Pb 
Pd 
Pt 
Sb 
Te 

338,29 
234,98 
267,59 
306,77 
327,40 
259,94 
300,25 
283,30 
340,46 
306,47 
259,80 
238,57 

100 to 0,3 
670 to 6 
330 to 1 
670 to 2 
330 to 1 
330 to 1 
330 to 1 
670 to 2 
670 to 2 
670 to 2 
670 to 6 
670 to 6 

100 to 0,3 
670 to 6 
330 to 1 
670 to 2 
330 to 1 
330 to 1 
330 to 1 
670 to 2 
670 to 2 
670 t-> 6 
670 to 2 

6.3. Calibration 
Construct calibration curves from the intensity (percentage transmittance) of the analytical lines of the 

standards versus the concentration in the standards. Calculate the concentration of the impurity elements in 
the samples from these curves. 

7. REFERENCES 
1. BOUMANS, P.W.J.M., and MAESSEN, F.J.M.J. Spectrochim Acta, vol. 24B. 1969. p. 585. 
2. ALIMARIN, I.P. (editor). Analyses of high purity metals. Moscow,'NAUKA", 1965. English 

Translation by Israel Program for Scientific Translations Jerusalem 1968, pp. 511-514. 
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APPENDIX VIII 

THE ANALYSIS, BY ATOMIC-ABSORPTION SPECTROPHOTOMETRY AND THE 
CARBON-ROD ATOMIZER, OF SELENIUM AND TELLURIUM 

'LABORATORY METHOD NO. 34/3) 

E.2 Selenium, elements in 
E.2 Tellurium, element» in 

1. OUTLINE OF THE METHOD 
The sample is dissolved in nitric acid and diluted to volume, and the analytes are determined by the 

method cf standard additions with the use of the carbon-rod atomizer. 

2. APPLICATION OF THE METHOD 
The method is intended for selenium and tellurium of reasonably high purity, say, 99 per cent or better. 

Platinum, palladium, gold, silver, copper, nickel, lead, bismuth, antimony, arsenic, and tellurium can be 
determined in selenium. In tellurium, arsenic and selenium cannot be determined, and bismuth and 
antimony can be determined only with difficulty. Table VHI-1 can be used as a guide to the limits of 
determination in the sample. 

The method has a relative standard deviation of between 0,1 and 0,2 for those elements that can be 
determined. 

TABLE VIII-1 

Limits of determination in the 
sample (p.p.m.) 

Pt5 Pd0,8 
Au0,2 Ag0,l 
Cu0,5 Ni0,8 
Pb0,5 Bi2,0 
Sb 5,0 As 2,0 
Te 1,0 

3. APPARATUS 
(1) Carbon-rod Atomizer 

Varian Techtron Model 63. 
(2) Alternating Current Voltmeter, 0 to 10 V 

Connect across the output terminals of the power supply. The dry, ashing, and voltage setting 
must be adjusted with reference to this voltmeter (see Table VIII—2). 

(3) Spectrophotometer 
Varian Techtron AA5 or similar. 

(4) Fast-response Chart Recorder 
Corning 840, or similar. Couple to the spectrophotometer. 

(5) Eskalab Pipette, 2 pd 
Smith Kline Instruments Inc.. California, available from Searle Baird and Tatlock, South Africa. 
Attach a length of plastic tubing to the pipette. 

(6) A-grade Graduated Pipette 
Must be able to dispense accurately 10 to 100/ul of standard solution. 

4. REAGENTS 
(1) NUric Acid 

A.R. grade, relative density 1.40. 
(2) Hydrochloric Acid 

A.R. grade. 

i / 
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(3) Stock Standard Solutions 
Prepare according to instructions in the Varian Techtron Manual, Analytical Methods for Flame 
Spectroscopy. Wherever possible, make the solutions in nitric acid in preference to hydrochloric 
acid, particularly for bismuth. Platinum, palladium, gold, and antimony solutions must, of 
necessity, contain hydrochloric acid. 

(4) Calibration Solutions (lOOmg/l) 
Dilute the stock standard solutions (no. 3) with 10 per cent (v/v) nitric acid so that the solution of 
analyte elements is 100mg/l. Prepare 100 ml of this solution. 

(5) Calibration Solutions (lOmg/l) 
Dilute the stock standard solutions (no. 3) with 10 per cent (v/v) nitric acid so that the solution of 
analyte elements is 10mg/l. Prepare 100 ml of this solution. 

TABLE VIII-2 

Instrumental parameters for use M ith Varian 
Techtron AA5 and Model 63 carbon-rod atomizer 

Slit Lamp 
Element Wavelength width current Ash Atomize 

nm fim mA V V 

Pt 266.0 50 12 2.0 8.0 
Pd 244.8 50 10 1.8 8,0 
Au 242.8 150 5 1,7 8,0 
Ag 328.1 150 5 1.6 7,4 
Cu 324.8 150 6 1.6 7.6 
Ni 232.0 50 10 1.8 7.8 
Pb 217.0 300 7 1,6 8.0 
Bi 223.1 50 10 1.6 6.0 
Sb 231,2 150 10 1.6 7.4 
As 193.7 300 7 1,6 8.0 
Te 214,3 150 10 1.7 6.0 

tor all elements 
Drying voltage 0.5 V 
Drying time 30 s 
Ashing time 20s 
Atomizing time 2 s 
Argon now h units 

5. PROCEDURE 
a. Scrupulously clean all glassware. Boil beakers in aqua regia and clean pipettes with cleaning 

solution. Preferably, retain separate beakers and flasks for selenium and tellurium samples. 
b. Transfer 500 mg of the finely ground sample to a 100 ml beaker. 
c. For selenium, add a few drops of water and 20 ml of concentrated nitric acid, cover, and warm on a 

hot-plate until brown fumes have ceased and the sample is dissolved. 
d. For tellurium, rover first, add 1 ml of water, and then carefully run in 20 ml of concentrated nitric 

acid. The heat of reaction is sufficient to dissolve the sample. Do not boil because boiling causes the 
precipitation of tellurous acid. 

e. In the volumetric flask, dilute the sample to 50ml with distilled water. 
f. Transfer 5 ml of the sample solution to a clean, dry 5 ml volumetric flask. 
g. Using the instrumental settings given in Table VIII-2, measure the peak height for me required 

element, transferring 2 ̂ 1 of solution from the 5 ml flask (Note 1). Rinse the 2 /x\ dispenser with a 
minimum of solution. Use appropriate scale expansion so as to obtain a peak height of about 
40 mm. If dilution is necessary, dilute from the original solution, again transferring 5 ml for 
measurement. Record at least three peak heights. 

h. Add to the flask sufficient standard solution to approximately double the peak height (see Table 
VIII—3 and Note 2). Depending on the sensitivity and scale expansion used, use either of the 
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working solutions (100 mg/l or 10 mg/1), adding between 0,01 and 0,1 ml. For this, use the A-grade 
(0 to 0,1 ml) pipette. Mix thoroughly, and again record three peak heights, 

i. Then make a second addition, and record three peak heighb. Measure the peak heights, and, using 
the respective means, determine the concentration in the sample by the method of standard 
additions, either graphically or by calculation. 

Provided that the volumes removed and added are kept to a minimum, several elements can be 
determined sequentially on the same solution. 

6. INSTRUMENTAL PARAMETERS 
The instrumental settings are given in Table VIII-2. 

7. NOTES 
1. The sample solution should be introduced 30 seconds after the previous atomizing cycle. A strict 

timing sequence improves the precision. 
2. The sensitivities given in Table VHI-3 are approximations and should be used only as a guide. The 

first addition should be too low rather than too high so as not to spoil the solution. Several additions 
can be made to the solution without seriously affecting the volume. 

TABLE VIII-3 

Approximate concentration in matrix solution 
that yields peak height of 40 mm 

Element Concentration 
p.p.m. 

Scale expansion 

Pt 0,2 10 
Pd 0,1 4 
Au 0,1 2 
Ag 0,05 1 
Cu 0,2 2 
Ni 0,1 4 
Pb 0,1 2 
Bi 0,1 2 
Sb 0,2 4 
As 0,2 4 
Te 0,1 2 
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APPENDIX IX 

THE ATOMIC-ABSORPTION ANALYSIS OF LEACH LIQUORS FROM THE BENEFICIATION OF 
ANODE SLUDGES 

(LABORATORY METHOD NOS. 0/11, 0/12, 0/13) 

E.2 Anode sludges, elements in 

1. OUTLINE OF THE METHOD 
When possible, the liquors (hydrochloric acid, brine, and sodium sulphide solutions) are diluted by a 

factor of 20 or more with 40 per cent (v/v) hydrochloric acid or 10 per cent (v/v) nitric acid, and the analytes 
are determined by atomic-absorption spectrophotometry and the use of unmatched calibration standards in 
the appropriate acid mediums. For dilutions of ten-fold or less, matched standards must be used. 

2. APPLICATION OF THE METHOD 
The method is designed for the rapid determination of any or all of the analytes (As. Se. Te. Sb. Bi. Sn. 

Cu, Ni. Pb. Ag, and Zn) in the following leach liquors: 3 M hydrochloric acid containing chlorine, brine 
containing 200 g of calcium chloride and 40 g of iron per litre, and a solution of 0.5 M sodium sulphide and 
0,8 M sodium hydroxide. A relative accuracy of 10 per cent can be obtained if the calibration standards are 
matched with respect to acid and a ten-fold dilution is used. The closer matching of standards and the use of 
a twenty-fold dilution considerably improve the accuracy of the determinations. 

For dilutions greater than ten-fold, copper and selenium, each at a concentration of 30g/l. had no 
significant effect on the other analytes in a medium of 40 per cent (v/v) hydrochloric acid (the maximum 
error for a ten-fold dilution was 7 per cent). Copper, lead, and tin. each at a concentration of 20g/l in brine 
solutions, had no significant effect on the other analytes (the maximum error was 10 per cent for selenium at 
ten-fold dilution), and either selenium or tellurium at a concentration of 20g/l was without effect in the 
sodium sulphate-nitrate solution that resulted from the treatment of the sodium sulphide-sodium 
hydroxide leach liquors with nitric acid. 

3. REAGENTS 
(/) Hydrochloric Acid 

Concentrated, A.R. grade. 
(2) Hydrochloric Acid, 40 per cent (v/v) 

Dilute 400 ml of concentrated acid in 1 litre of water. 
(3) Calcium Chloride 

A.R. grade (CaCI,-2H,0). 
(4) Iron 

Pure-iron wire. 
(5) Hydrogen Peroxide 

A.R. grade, 30 per cent. 
(6) Nitric Acid 

A.R. grade, relative density 1,40. 
(7) Nitric Acid, 10 per cent (v/v) 

Dilute 50 ml of concentrated acid to 500 ml with water. 
(8) Bromine 

A.R. grade. 
(9) Sodium Sulphate 

NajSO.,, A.R. grade. 
(10) Sodium Nitrate 

NaNO„ A.R. grade. 

4. CALIBRATION STANDARDS 
4.1. Stock Solutions 

Prepare stock solutions as described in the Varian Techtron handbook. Analytical Methods for Flame 
Spectroscopy. These solutions have a concentration of 1000mg/l. 
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4.2. Working Solutions 
(1) Tin, Arsenic, and Selenium 

Use the stock solutions. 1 ml = 1000/xg. 
(2) Antimony, Bismuth, and Teilmrinm 

Dilute 50 ml of the stock solution to 100 ml with 40 per cent (v/v) hydrochloric acid 1 ml = 500/*g. 
(3) Copper, Nickel, Zinc, Silver, and Lead 

To a 100 ml volumetric flask, add 40 ml of concentrated hydrochloric acid. Transfer 5 ml of the 
stock silver solution to the flask and immediately shake it, thus dissolving any precipitated silver 
chloride. Transfer 10 ml of copper, 5 ml of zinc, 20 ml of nickel, and 20 ml of lead stock solutions. 
Dilute to 100 ml with water or, when analysing sodium sulphide leach liquor, with 10 per cent (v/v) 
nitric acid, 
lml = 100/igof Cu 

= 50/ig each of Ag and Zn 
= 200 fig each of Ni and Pb. 

4.3. Calibration Procedure for Solutions in Which the Dilution Exceeds Trn-fold 
To a set of 100 ml volumetric flasks, transfer 0, 2, 4, 6, 8, and 10 millilitres of the arsenic, tin, and 

selenium stock solutions and the same volumes of the antimony, bismuth, and tellurium working solutions. 
Add 100 ml of 40 per cent (v/v) hydrochloric acid to the empty flask and dilute the contents of the other 
flasks with the same amount of the acid. To a second ret of 100 ml volumetric flasks, transfer 0.2,4,6.8. and 
10 millilitres of the combined copper, nickel, zinc, and silver working solutions. Add acid as above, or add 
10 per cent (v/v) nitric acid for sodium sulphide solutions. The concentrations of the calibration standards 
are summarized in Table IX—1. 

TABLE IX-1 
Concentration of the calibration standards 

Elements Concentration, p.p.m. 

Sn. As. Se 0 20 40 60 80 100 
Sb. Bi. Te 0 10 20 30 40 50 
Cu 0 T 4 6 8 10 
Zn. Ag 0 1 1 3 4 5 
Ni. Pb 0 4 8 12 16 20 

4.4. Preparation of Calibration Solutions Matched with Respect to Salt Content (i.e. for Dilutions Less than 
Ten-fold) 
The :oncentrations of these calibration standards are summarized in Table IX—J. Two sets of 

calibration standards should be prepared, one containing As, Se, Sn, Sb. Bi, and Te. and the other Ca, Ni. 
Pb. Ag, and Zn. In this way, the life of the standards is increased. 

4.4.1. Calibration Standards for Brine Leach Liquors 
To the tvo sets of six 100ml volumetric flasks add 2,7g of pure calcium chloride dihydrate 

(CaCI.j-2H.jO) is the solid, and 0.4 g of iron as pure iron wire (roll the wire into a tight bundle). The stock 
and working solutions are added as described in Section 4.3. Now ad'J l ml of nitric acid and set aside until 
the iron has dissolved. Slight warming will speed the dissolution. Cool, and dilute to volume with 40 per cent 
hydrochloric acid. 

4.4.2. Calibration Standards for Sodium Sulphide Leach Liquors 
Prepare two sets of calibration standards in the same way as for the brine liquors, but in this instance 

add 0,7 g of sodium sulphate and sodium nitrate so that the standards and the samples will be matched. 

5. PROCEDURE 
5.1. Hydrochloric Acid-Chlorine, and Brine Liquors 

a. To a 5 ml aliquot sample in a 25 ml volumetric flask, add 10 ml of concentrated hydrochloric acid. 
b. Dilute the sample to 25 ml with water (a five-fold dilution). 
c. Make further dilutions as necessary using 40 per cent (v/v) hydrochloric acid. 

4I 

http://CaCI.j-2H.jO


ANALYSIS OF ANODE SLUDGES 

5.2. Sodium Sulphide Liquors 
a. To a 5 ml aliquot sample (alkaline) in a 25 ml volumetric flask, add 5 ml of water. 
b. Carefully pipette, drop by drop, 5 ml of 30 per cent (v/v) hydrogen peroxide, swirling and cooling 

the contents of the flask in water. Add the peroxide slowly, thus preventing the formation of froth 
and the loss of some of the sample. 

c. Carefully transfer the clear solution through a funnel into a 50 ml volumetric flask. Rinse the flask 
with 10 ml of nitric acid, and then with a little water (Note). Stopper the flask, and mix the contents 
very carefully. The excess of peroxide will exert pressure inside the flask, and it is therefore 
essential that the flask should not be shaken but only inverted back and forth. The pressure must be 
released immediately after each inversion. 

d. Dilute to volume (50 ml) and mix carefully, observing the above precautions. (The sample has now 
been diluted ten times.) 

e. Make further dilutions as required. 

6. MEASUREMENT 
Measure the absorbance on an atomic-absorption spectrophotometer, and determine the 

concentrations of the analytes by reference to suitable calibration standards (see Section 4.3). 
Instrumental parameters for Varian Techtron atomic-absorption spectrophotometers are shown in 

Table IX-2. 

TABLE IX-2 

Instrumental parameters 

Slit Spectral Lamp 
Wavelength width band width current Flame 

Element nm /nm nm mA Flame condition 

As* 197.2 300 1,00 7 NOA Rich 
Se* 196.0 300 1,00 10 AA Rich 
Te* 214,3 150 0,50 8 AA Medium 
Bi 223,1 50 0,20 8 AA Lean 

Sb* 217.6 50 0,20 10 AA Lean 
Cu 324,8 150 0.50 4 AA Lean 
Ni 232.0 50 0.20 5 NOA Lean 
Ag 328,1 150 0.50 3 AA Lean 

Zn* 213,9 150 0,50 5 AA Lean 
Sn 235,5 150 0.50 5 NOA Medium 
*>b 283.3 150 0,50 5 AA Lean 

NOA Nitrous oxide-acetylene flame 
AA Air-acetylene flame 

* Background correction required 

7. NOTE 
If a precipitate occurs at any stage during the treatment of the sample, add, after the peroxide and the 

nitric acid have been added, a few drops of bromine, and swirl the flask. This will bring the bromine into 
contact with the precipitate. If the bromine is consumed, add a few more drops until a clear solution is 
obtained. 
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APPENDIX X 

THE DETERMINATION, BY ATOMIC-ABSORPT'ON SPECTROPHOTOMETRY. OF SOLUTIONS OF 
PLATINUM. PALLADIUM. GOLD, SILVEH, SELENIUM, AND TELLURIUM IN 

ACETONE-HYDROCHLORIC ACID, SULPHURIC ACID, AND THIOUREA 
(LABORATORY METHOD NO. 0/15) 

E.2 Anode sludges, dements in 

1. OUTLINE OF THE METHOD 
For acetone solutions, the acetone is evaporated off before the sample is diluted. Samples of sulphuric 

acid or thiourea are measured direct or after a suitable dilution. For the noble metals, uranium at a 
concentration of 50g/I is used as the releasing agent, instead of the lOg/l concentration that is normally 
used. The calibration standards are prepared in 20 per cent (v/v) hydrochloric acid, although 40 per cent 
(v/v) hydrochloric acid may also be used. 

2. APPLICATION OF THE METHOD 
The methods, which are simple and rapid, are intended for use on the hydrochloric acid-acetone, 

sulphuric acid, and thiourea solutions that are generated in the treatment of anode sludges. Provided that 
the concentration of the releasing agent is increased to 50g/l for the determination of the noble metals, all 
the elements can be determined with an accuracy oi 10 per cent or better, and sometimes by means of the 
direct analysis of the sample solutions (after the evaporation of any acetone). Further dilution would 
improve the accuracy. The methods have been tested only for Pt, Pd. Au. Ag, Se, and Te in the following 
solutions: acetone-2N hydrochloric acid. 1,5N H2SO,. and 5()g/l thiourea (containing IN hydrochloric 
acid). 

3. REAGENTS 
(1) Hydrochloric Acid 

Concentrated, A.R. grade. 
(2) Hydrochloric Acid, approximately 2N 

Dilute 200 ml of concentrated hydrochloric acid to 1 litre. 
(3) Sink Acid 

Concentrated, A.R. grade. 
14) Uranium Solution, 250 g II 

Dissolve 29,5g of pure U,0„ in 20ml of nitric acid and dilute to 100ml with water. 

4. PREPARATION OF CALIBRATION STANDARDS 
4.1. Stock Solutions 

The stock solutions for platinum, palladium, and gold are prepared as described in a previous report1. 
Because a high degree of accuracy is not required in these methods, the procedure described in Section 4.2 
of that report can be omitted. 

The stock solutions for the remaining metals are prepared as described in the Varian Techtron 
handbook. Analytical Methods for Flame Spectroscopy. These solutions have a concentration of 1000 mg/I. 

4.2. Working Solutions 
(1) Platinum 

Use the stock solution. 
I ml = lOOOjxg. 

(2) Palladium and Gold 
Dilute 10ml of each of the stock solutions to 100 ml with 2N hydrochloric acid. 
1 ml = 100/ig of palladium. 
1 ml = 100 jig of gold. 

4.1 
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(J) Silver, Selenium, and Tellurium (Sote I) 
To a " JO ml volumetric flask, add 40 ml of concentrated hydrochloric acid. Transfer 5 ml of the 
silver stock solution and shake it immediately so that any silver chloride that may form will 
dissolve. Then transfer 100 ml of the selenium stock solution, and 50 ml of the tellurium stock 
solution to the flask. Mix well. Dilute to the mark with water. Mix well. 
1 ml = 2 5 /xg of silver. 
1 ml = 500 fig of selenium. 
1 ml = 250 fxg of tellurium. 

4.3. Calibration Standards 
The concentrations of the calibration standards are given in Table X-l . 
(1) Platinum, Palladium, and Gold 

To a set of 100 ml volumetric flasks, transfer 0. 4. 8. 12, 16, and 20 millilitres of the working 
solutions. Add 20 ml of the uranium solution to each of the flasks, and dilute to the mark with 2N 
hydrochloric acid (Note 2). 

(2) Silver, Selenium, and Tellurium 
To a set of 100 ml volumetric flasks, transfer 0,4, 8. 12. 16. and 20 millilitres of the combined 
working solutions, and dilute to the mark with 2N hydrochloric acid. 

TABLE X-l 

Concentrations of calibration standards 

Element Concentration, mg/1 
Pt 0 40 80 120 160 200 
Pd. Au 0 4 8 12 16 20 
Ag 0 1 2 3 4 5 
Se 0 20 40 60 80 100 
Te 0 10 20 30 40 50 

5. PROCEDURE 
5.1. Acetone Solution 

Transfer a suitable volume (e.g.. 50ml) of the sample to a beaker, add nitric acid to give a 
concentration of 4 per cent (v/v), and evaporate the acetone on a steam-bath. When the acetone has 1 n 
evaporated, the solution will stop bubbling, and the distinctive smell of acetone will disappear. Cool and 
dilute to a suitable volume with 2N hydrochloric acid, and add uranium for the determination of platinum, 
palladium, and gold (Note 2). 

5.2. Sulphuric Acid and Thiourea Solution 
Silver, selenium, and tellurium can be measured direct, or a suitable dilution with 2N hydrochloric acid 

can be made, in which case measurements will have to be made against the standards in 2N hydrochloric 
acid. For the determination of platinum, palladium, and gold, some dilution must be made to accommodate 
the uranium that is added. For a minimum dilution, transfer 8 ml of the sample solution to a 10 ml 
volumetric flask, and add 2 ml of uranium solution to give a total volume of 10 ml. Otherwise, make a 
suitable dilution with 2N hydrochloric acid and add sufficient uranium solution to give a concentration of 
50g/l. Measure against the standards in 2N hydrochloric acid containing uranium to a concentration of 
50g/l. 

6. MEASUREMENT 
Instrumental parameters for the Varian Techtron atomic-absorption spectrophotometer are shown in 

Table X-2. 
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TABLE X-2 

Instrumental parameters for AAS with an air-acetylene flame 

Slit Spectral- Lamp 
Wavelength width band width current 

Element nm fim nm mA Flame 

Pt 266,0 50 0,20 10 Lean 
Pd 244,8 50 0,20 5 Lean 
Au 242,8 150 0,50 4 Lean 
Ag 328,1 150 0,50 3 Lean 
Se* 196,0 300 1,00 10 Rich 
Te* 214,3 150 0,50 8 Medium 

* Background correction required 

NOTES 
1. So that the stock solutions of selenium and tellurium can be conserved, they can be made separately 

in 100 ml volumetric flasks, or an intermediate silver solution can be made and a smaller volume of 
combined working solution made up. 

2. The high concentration of uranium (50g/l) is necessary only for the analysis of noble metals in 
sulphuric acid and thiourea samples. Samples from which the acetone has been evaporated can be 
measured against standards with a uranium concentration of 10g/l. If the same standards are to be 
used for the acetone samples, the sample solutions must also have a uranium concentration of 
50g/I. 

7. REFERENCE 
1. MALLETT, R.C., et al. The preparation of primary standard solutions for each of the noble 

metals. Johannesburg, National Institute for Metallurgy, Report 1864. Jan. 1977. 
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APPENDIX XI 

THE DETERMINATION. BY ATOMIC-ABSORPTION SPECTROPHOTOMETRY. OF MINOR AND 
TRACE ELEMENTS IN THE LEACH LIQUORS FROM ANODE SLUDGES 

(LABORATORY METHOD NO. 0/9) 

E.2 Anode sludges, elements In 

1. OUTLINE OF THE METHOD 
The trace elements (As. Se, Te, Sb, Bi, Al. Sn, and Fe) are concentrated by co-precipitation with 

titanium hydroxide. After dissolution of the precipitate, the elements are determined by atomic-absorption 
spectrophotometry. 

2. APPLICATION OF THE METHOD 
The method is applicable to the analysis of leach liquors from anode sludges for the following elements 

over the concentration ranges indicated: 
Elements Concn range, p.p.m. 

Al.As 1 to 20 
Bi.Fe.Te 0,3 to 4 

Sb 0,5 to 4 
Se 0,5 to 10 
Sn 0,5 to 20 

The upper limit can be increased by dilution. 

3. REAGENTS 
All the reagents are of A.R. grade unless otherwise specified. 
(1) Ammonia 
(2) Tilanous Chloride Solution, Approximately lOgll 

Dilute 25,8 ml of 25 per cent titanous chloride solution (C.P. grade) to 200 ml with 40 per cent 
hydrochloric acid. Prepare afresh every week. 

(3) Hydrogen Peroxide, SO per cent (v/v) 
Dilute 10 ml of 30 per cent hydrogen peroxide with an equal amount of distilled water and store in 
a small plastic dropping bottle. 

(4) Hydrochloric Acid 
Concentrated, A.R. grade. 

(5) Bromine 
(6) Potassium Nitrate, 20 per cent (v/v) 

Dissolve 20g of potassium nitrate in distilled water and make up to 100 ml. 
(7) Nitric Acid, 25 per cent (v/v) 

Dilute 250 ml of nitric acid to 1000 ml with distilled water. 
(8) Slock Solutions 

Stock solutions for As, Se, Te, Bi, Sb, Al, Fe, and Sn are made up according to the Varian Techtron 
Manual, Analytical Methods for Flame Spectroscopy. All the stock solutions have a concentration 
of 1 g/l for the elements concerned. 

4. PROCEDURE 
a. Transfer 5 ml of titanous chloride solution (approximately 10g/l) to a 250 ml beaker. Add 2 ml of 

concentrated hydrochloric acid and 1 ml of bromine. Heat gently until all the bromine colour has 
disappeared and the solution is pale green. 

b. Accurately transfer 100 ml of sample solution to the beaker and add 5 ml of concentrated nitric 
acid. Using a pH-meter, acidify the solution with nitric acid to a pH value between 0 and 1. 
Neutralize to a pH value of 6,5 with a 50 per cent (v/v) ammonia solution, stirring constantly. Cover 
and simmer for Vj hour (Note 1). 

c. Under suction, filter the solution through an 80 ml funnel fitted with a sintered-glass disc of 
porosity 3 (Note 2). Wash the beaker with distilled water, adding the washings to the funnel. Wash 
the precipitate with distilled water. Discard the filtrate. 

ih 
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d. Transfer the funnel to a 250 ml Buchner flask. Add 5 ml of warm concentrated nitric acid and 5 to 6 
drops of 50 per cent (v/v) hydrogen peroxide solution. Allow the dissolved salts to drain through 
the sintered-glass disc (Note 3). 

e. Apply suction to drain the sintered-glass disc completely. Wash the disc with distilled water and 
drain with suction. 

f. Transfer the filtrate to a 20 ml volumetric flask containing 1 ml of 20 per cent potassium nitrate 
solution. Make up to volume with water. 

g. Measure against calibration standards prepared as described in Section 5. 

5. CALIBRATION 
5.1. Working Solutions of Iron, Bismuth, Tellurium, and Antimony 

In one volumetric flask, dilute 20 ml of each of the stock solutions of Fe, Bi, Te, and Sb to 100 ml with 
25 per cent nitric acid. 

1 ml = 200 fig of Fe, Bi, Te, and Sb. 

5.2. Working Solution of Selenium 
Dilute 50 ml of Se stock solution to 100 ml with 25 per cent nitric ?cid. 

lml s 500 pig of Se. 

5.3. Calibration Standards 
Accurately transfer 0 ml, 1 ml, 2 ml, 4 ml, 5 ml, 7,5 ml, and 10 ml of combined Fe, Bi, Te, and Sb 

working solution to a set of 100 ml flasks. To the same set, add 0 ml, 1 ml, 2 ml, 4 ml. 6 ml, 8 ml, and 10 ml of 
Se working solution and the same amounts of each of the stock solutions of As, Sn, and Al. Add 5 ml of 20 
per cent potassium nitrate solution to each of the flasks. Make up to volume with 25 per cent nitric acid. The 
concentrations of the elements are listed in Table XI-1. 

TABLE XI-1 

Concentration of the calibration standards 

Elements Concentration, p.p.m. 

Bi, Te, Fe, SD 
Se 
As, Al, Sn 

0 
0 
0 

2 
5 

10 

4 
10 
20 

8 
20 
40 

10 
30 
60 

15 
40 
80 

20 
50 

100 

6. MEASUREMENT 
Instrumental parameters for the atomic-absorption measurements are listed in Table Xl-2 (Note 4). 

TABLE Xl-2 
Instrumental parameters 

Slit Lamp 
Wavelength width current Flame 

Element nm fim mA Flame condition 
As 197,2 300 7 N 2 0-C 2 H 2 Rich 
Se 196,0 300 10 Air-C,H2 Rich 
Te 214,3 100 8 Air-C2H2 Medium 
Bi 223,0 100 8 Air-C2H2 Lean 
Sb 217,6 J00 10 Air-C2H2 Lean 
At 309,3 50 10 N 2 0-C 2 H 2 Rich 
Sn 235,5 100 8 N 2 0-C 2 H 2 Medium 
Fe 248,3 50 5 N 2 0-C 2 H 2 Lean 
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7. CALCULATION 
Draw a calibration graph of absorbance versus concentration, and from this graph calculate the 

concentration of the element in the sample. Multiply by the dilution (or concentration) factor to determine 
the concentration in the original sample. Alternatively, calculate the concentration using a desk-top 
computer. 

8. NOTES 
1. Warming of the solution is necessary for coagulation of the precipitate. 
2. Should too much suction be applied immediately, the precipitate may go through the sintered-glass 

disc. 
3. The standing time for draining allows the acid to dissolve the precipitate. 
4. It is suggested that, when measurements are taken at wavelengths below 240,0 nm. a background 

correction should be made. 
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