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SYNOPSIS 

This report summarizes various approaches made to the analysis of materials arising from the processing 
of Karoo deposits for uranium. These materials include head and residue samples, aqueous solutions and 
organic solvents and, finally, the precipitated cakes of the elements recovered, i.e. uranium, molybdenum, 
and arsenic. Analysis was required for these elements and also vanadium, carbon, sulphur, and carbonate 
in the head and residue samples. The concentration of uranium, molybdenum, and arsenic, other than in 
the precipitated cakes, ranges from 1 to 2000 ng/g, and that of carbon, sulphur, and carbonate from 0,1 
to 5 per cent. The analysis of cakes necessitates the determination of silver, arsenic, iron, copper, calcium, 
magnesium, manganese, molybdenum, lead, tin, titanium, and vanadium within the range 1 to 1000fig/g, 
and of sodium and silica within the range 10 to 20 OOOjtg/g. 

The methods used include combustion methods for carbon, sulphur, and carbonate, and atomic-
absorption. X-ray-fluorescence, and emission methods for the other analytes. The accuracy or the analysis 
is within 10 per cent. 

SAMEVATTING 

Hierdie verslag gee 'n opsomming van verskillende benaderings van die ontlcding van materiale wat 
uit die verwerking van Karoo-afsettings voortspruit, vir uraan. Hierdie materiale sluit in myn- en 
residumonsters, waterige oplossings en organiese oplosmiddels en, ten slotte, die neergesiane koekc van 
die elemente wat herwin is, d.w.s. uraan, molibdeen en arseen. Daar was ontledings nodig vir hierdie elemente 
asook vanadium, koolstof, swawel en karbonaat in die myn- en residumonsters. Behalwe in die neergesiane 
kocke, wissel die konsentrasie van uraan, molibdeen en arseen van 1 tot 2000/ig/g en die van koolstof, 
swawcl en karbonaat van 0,1 lot 5 persent. Die spesifikasieontleding vir kocke noodsaak ontleding vir silwer, 
arseen, yster, koper, kalsium, magnesium, mangaan, molibdeen, lood, tin, titaan en vanadium binne die 
bestek van 1 tot lOOO^g/g, en vir natrium en silika binne die bestek van 10 to 20 000jig/g. 

Die metodes wat gebruik is, sluit in verbrandingsmetodes vir koolstof, swawel en karbonaat en 
atoomabsorpsie-, X-straal-fluoressensie- en emissiemetodes vir die ander analiete. Die akkuraatheid van 
die ontleding is binne 10 persent. 
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INTRODUCTION 

In the laboratory methods detailed in this report, the major constituents of the head samples and the residues 
remaining after the extraction of uranium, molybdenum, and arsenic are determined by X-ray fluorescence, 
influence factors being used to correct for matrix effects. The minor components (uranium, molybdenum, 
vanadium, and arsenic) are determined by one of the following techniques: atomic-absorption 
spectrophotometry (AAS), X-ray fluorescence (XRF), or emission spectrometry using an inductively coupled 
plasma (1CP) source tor excitation of the sample. 

Complete recovery* of the molybdenum can be achieved by AAS only v.hen the sample is attacked 
»ith an acid medium similar to that used for its extraction. In the determination of molybdenum and 
vanadium, a nitrous oxide flame is used to limit interferences, whereas hydride generation and fU'f.ieexii'ation 
are used in the analysis for arsenic. The XRF7 technique described uses fine grinding and the addition of 
a buffer to limit mineralogicai and matrix effects, the final mixture being pressed into a pellet for 
measurement. Complete dissolution of the sample with hydrofluoric, nitric, and perchloric acids is found 
necessary if all the elements are to be determined by ICP. Carbon and sulphur are determined by the I eco 
combustion method, carbonate being calculated after the carbon has been determined before and after the 
acid digestion. 

The final precipitated uranium, molybdenum, and arsenic cakes are analysed for the major components, 
after dissolution, by XRF using a single-standard calibration procedure. Volumetric methods are given for 
the determination of molybdenum and uranium. The trace constituents are determined direct in solutions 
of the cakes by AAS when the concentration of the cake is lower than the maximum that can be tolerated, 
vi/ 25 g I. An alternative approach is used in the analysis of ammonium molybdate: ICP is used after the 
matrix element has been removed from solutions of the cakes by liquid-liquid extraction, i.e. with a 30 
per cent solution of tributylphosphate for u. anium and a mixture of Alamine 336 and a 2 per cent solution 
of isodecanol in ben/ene for molybdenum. However, even after these separations, lead, silver, and tin cannot 
be determined in ammonium molybdate by ICP; lead can be determined in the solution remaining after 
the removal of molybdenum by flame AAS; silver can possibly be determined by extraction with 
isothioglycolate and back-extraction into hydrochloric acid with an AAS measurement; tin is determined 
direct on the ammonium molybdate using electrothermal atomization and AAS measurement. 

In the analysis of aqueous solutions for arsenic, molybdenum, and vanadium, all three are readily 
determined by ICP. For determination by AAS, two approaches, flame and hydride generation, are required. 
Organic-solvent solutions are analysed by XRF using matched standards prepared by the same extraction 
processes, the residual aqueous solutions being analysed by AAS or ICP for the determination of the exact 
concentrations in the organic phases. 

The determination of the halides (chlorine, bromine, and iodine) in aqueous solutions is achieved by 
precipitation with silver nitrate and collection of the precipitate on a Millipore filter. The filter is then 
measured by XRF. The Ag Ka line gives the total concentration of the halides, and the chlorine concentration 
is calculated by subtraction of the concentration of iodine and bromine as determined from their Ka spectral 
lines. 

The limits of determination and precision of analysis for the various techniques are given in Table 1. 

TABLE I 

Limits of determination and precision of analysis for the various techniques 
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ANALYTICAL METHODS 

E.2. Si, trace elements in 
E L M O 
E.1. As 

E.1. V 

THE DETERMINATION, BY ATOMIC-ABSORPTION SPECTROPHOTOMETRY, OF MOLYBDENUM, 
ARSENIC, AND VANADIUM IN SOLID AND LIQUID SAMPLES 

LABORATORY METHOD NO. 14/38 

1. OUTLINE 
For the determination of molybdenum and arsenic, the solid samples are attacked with a mixture of 

nitric, hydrochloric, and perchloric acids. The molybdenum is measured direct in the diluted solution, and 
arsenic is measured by the hydride-generation method. The vanadium in the solids is measured after total 
dissolution of the sample in nitric, perchloric, and hydrofluoric acids. The solutions are measured after 
suitable dilution. Aluminium is used as a releasing agent in the determination of molybdenum and vanadium. 

2. APPLICATION 
The methods used are probably fair!y generally applicable, but were tested only on samples from the 

Karoo (granite containing calcite) and on a reference sample of schist. Satisfactory results were obtained 
for molybdenum and for arsenic. For routine analysis, the relative standard deviation of the method is 
about 0,06. The precision and accuracy of the method for vanadium are poorer (with a relative standard 
deviation of 0,1 to 0,2) because of the low levels of analyte present and poor sensitivity. 

The methods were tested on solid samples with molybdenum, arsenic, and vanadium concentrations 
of about 130, 200, and 80/ig/g respectively. In solutions, molybdenum was determined down to a 
concentration of 1 mg/I, arsenic to 0,04mg/1, and vanadium to 5 mg/I. It is recommended that recovery 
tests should be carried out on spiked solutions. 

3. REAGENTS 
(1) Nitric Acid Solution, 65 per cent (v/v) 

A.R. grade, relative density 1,40. 
(2) Hydrochloric Acid Solution, 37 per cent (v/v) 

A.R. grade, relative density 1,19. 
(3) Perchloric Acid Solution, 70 per cent (v/v) 

A.R. grade. 
(4) Hydrofluoric Acid Solution, 40 per cent (v/vj 

A.R. grade. 
(5) Aluminium Solution, IOg/1 

Dissolve 90g of AICI36H2O in water and dilute to 1 litre. 

4. STANDARD SOLUTIONS 
4.1. Stock Solutions 

These are prepared as described in the Varian Techtron handbook1, but stock solutions of vanadium 
can also be prepared by the dissolution of Specpure V2O5 in hydrochloric acid. These solutions have a 
concentration of Ig/I. 

4.2. Working Solutions 
(1) Arsenic 

Successively dilute the stock solution to give a working solution with a concentration of 0,1 mg/1. 
Prepare a fresh final solution daily. 

(2) Molybdenum 
Dilute 20 ml of the stock solution to 230 ml with 20 per cent (v/v) hydrochloric add. 
I ml» 100jig of Mo. 

(3) Vanadium 
Dilute 10ml of the stock solution to 100ml with 20 per cent (v/v) hydrochloric acid. 
I ml» 100/igof V. 

2 



ANALYTICAL METHODS 

4.3. Calibration Standards 
(1) Arsenic 

Successively transfer 0, 1, 2, 3, 4, and 5 ml of the working solution (0,1 mg/1) to the reaction vessel 
for hydride generation, and measure the recorded peak heights. These peaks represent 0, 100, 200, 
300, 400, and 500fig of arsenic respectively. 

(2) Molybdenum 
To a set of 100ml volumetric flasks transfer 0, 1, 2, 4, 6, 10, 20, 30, 40, and 50ml of the working 
solution. Add 20ml of hydrochloric acid and 10ml of aluminium solution. Dilute to the mark 
with water. These standards have molybdenum concentrations ranging from 1 to 50mg/I. 

(3) Vanadium 
Transfer 0, 2, 4, 6, 8, and 10 ml of the working solution to a set of 100 ml volumetric flasks. Add 
20 ml of hydrochloric acid and 10 ml of the aluminium solution, and dilute to the mark with water. 
The vanadium concentrations of these standards range from 2 to 10 mg/1. This range can be extended 
if necessary. 

5. PROCEDURE FOR POWDERED SAMPLES 
5.1. Molybdenum and Arsenic 

a. Accurately weigh Ig of sample into a 250 ml beaker. 
b. Moisten the sample slightly and add 5 ml of nitric acid, 15 ml of hydrochloric acid, and 5 ml of 

perchloric acid. 
c. Cover with a watch-glass and, after the initial reaction, boil vigorously until fumes of perchloric 

acid appear. 
d. Continue heating strongly, allowing the acid to reflux for about 15 minutes. 
e. Remove the cover and fume off the perchloric acid until the residue is dry. (Do not bake.) 
f. Cool, and add 5 ml of hydrochloric acid and 2,5 ml of the aluminium solution. 
g. Warm gently to dissolve the salts. 
h. Transfer carefully to a 25 ml volumetric flask, rinsing with water. 
i. Mix well and filter a portion through a dry no. 40 Whatman filter paper into a sample tube. Measure 

immediately or stopper the tube, 
j . Molybdenum is usually measured direct on the sample solution or, in some cases, after further dilution 

involving the addition of more aluminium-releasing agent to give 0,1 per cent aluminium. Measure 
the molybdenum using a rich nitrous oxide-acetylene flame (Note 1). 

k. To determine arsenic, dilute 2 ml of the solution to 100 ml with 10 percent (v/v) hydrochloric acid. 
Dilute further if the arsenic concentration is fairly high. Transfer a suitable volume, usually between 
i and 5 ml, to the hydride-generation vessel, and measure the peak height of the signal (Note 2). 

5.2. Vanadium 
a. Accurately weigh 1 g of sample (finely ground) into a platinum dish (Note 3). 
b. Moisten the sample and add 5 ml of nitric acid, 10 ml of hydrofluoric acid, and 5 ml of perchloric acid. 
c. Heat the dish on a hot-plate or sand-bath until fumes of perchloric acid appear. 
d. Cool, and add a further 10ml of hydrofluoric acid. 
e. F.vaporatc until the fumes disappear. 
f. Cool, add 5 ml of hydrochloric acid, and warm to dissolve the salts. 
g. Transfer to a 125 ml Phillips beaker with a minimum amount of water. 
h. fivaporate to near dryness. 
i. Add 5 ml of 3:1 aqua regia, and take to dryness. 
i. Add 5 ml of hydrochloric acid and 2,5 ml of the aluminium solution, and warm to dissolve the salts. 

If the recovery is from a spiked solution, make the addition (about 125 pg of vanadium) at this 
stage to the ' reond sample tak.-n for this purpose, 

k. Cool and dilute to 25 mi with water. 
I. Measure with a rich nitrous oxide -acetylene flame, using scale expansion as required and a chart 

recorder. Compare the results with those for the calibration standards. 

6. PROCEDURE FOR SOLUTIONS 
a. Dilute the solutions according to the estimated concentrations of the analytes (but not less than 

10 times for acid rinsing solutions and alkaline leach liquors, and 20 times for acid leach liquors), 
and make up to volume so that, for the measurement of molybdenum and vanadium, the 
concentration of hydrochloric acid is 20 per cent and that of aluminium 0,1 per cent. 
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b. Check the accuracy of the results against the recovery from a spiked solution, particularly for 
molybdenum. 

c. For the measurement of arsenic, take aliquot portions direct from the solution or after suitable 
dilution. 

7. INSTRUMENTAL PARAMETERS 
The instrumental parameters suitable for use with Varian Techtron spectrophotometers are given in 

Table 1. 

TABLE 1 

Instrumental parameters for Varian Techtron A A 
spectrophotometers 

Element As Mo V 
Wavelength, nm 
Spectral bandpass, nm 
Lamp current, mA 
Flame 

193,7 
I 
7* 

ANH 

313,3 
0,5 
7 

NOA(R) 

318,5 
0,2 

10 
NOA(R) 

* Kir hollo» cathode lamps; for electrodeless discharge lamps use the 
manufacturer's instructions 

ANH --- Air entrained nitrogen-hydrogen flame with air-acetylene 
burner 

NC)A(R) Nitrous oxide-acetylene, rich 

8. NOTES 
(1) Molybdenum is usually measured direct on the sample solution, but sometimes it is measured after 

further dilution involving the addition of more releasing agent to give an aluminium concentration 
of 0,1 per cent. 

(2) The method described by Robert and Steele2 is followed, except that the method of standard 
additions is not used. The peak heights for samples are simply referred to the calibration standards 
described in Section 4.3. It is strongly recommended that electrodeless discharge lamps should be 
used for arsenic. 

(3) The accuracy of the recovery should be checked against that from a spiked solution. A second 
portion should therefore be weighed out for this purpose. 

9. REFERENCES 
1. VARIAN TECHTRON. Analytical methods for flame spectroscopy. Australia, Varian Techtron. 

1972. 
2. ROBERT, R.V.D., and STEELE, T.W. Atomic-absorption determination, in metal sulphide 

concentrates, of the elements that form gaseous hydrides. Johannesburg, National Institute for 
Metallurgy, Report 1838. Aug. 1976. 38 pp. 
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E.1. As 
E.1. Mo 

THE SPECTROGRAPHIC DETERMINATION OF MOLYBDENUM AND ARSENIC IN SOLID 
AND LIQUID SAMPLES 

LABORATORY METHOD NO. 33/11 

1. OUTLINE 
A direct-reading spectrochemical procedure with inductively coupled plasma (ICP)' as the excitation 

source is used for the determination of arsenic and molybdenum in solid samples and process solutions. 
The solid samples are digested in a mixture of concentrated hydrochloric, nitric, perchloric, and sulphuric-
acids, and are evaporated to incipient dryness. The samples are redissolved in 1:1 hydrochloric acid, and 
the solution is transferred to a volumetric flask. Scandium is added as the internal standard, and the solution 
is made up to volume. For the process solutions, an aliquot portion is transferred to a volumetric flask, 
the acid concentration is adjusted to match the appropriate standards, scandium is added as the internal 
standard, and the solution is made up to volume. 

The sample solutions, together with a set of standards, are presented to the ICP source, the integration 
time being related to a predetermined number of counts for the internal standard. Plots are drawn of digital-
voltmeter readings versus concentration for each of the elements measured. Although no chemical or matrix 
interferences are observed, spectral interference from aluminium, for which a correction procedure is applied 
(Figures 1 and 2), is evident on the arsenic line. The concentration of uranium oxide (UiOs) in the final 
solution should be less than 40mg/l if spectral interference on the molybdenum line is to be avoided. 

2. APPLICATION 
The method is applicable to the analysis of arsenic and molybdenum in samples from the Karoo and 

associated process solutions over the concentration ranges given in Table 1. 

TABLE 1 

Concentration ranges for arsenic and molybdenum 

Medium 
Arsenic 
p.p.m. 

Molybdenum 
p.p.m. 

Solid samples 
H2SO4 leach liquor 
H2SO4 rinsing solution 
Alkaline leach liquor 
Alkaline rinsing solution 

12,5 to 750 
10 to 600 
1 to 60 

25 to 1500 
5 to 300 

12,5 to 1000 
10 to 800 
1 to 80 

25 to 2000 
5 to 400 

The precision or relative standard deviation (0,0167 for arsenic at the 200p.p.m. level and 0,0221 for 
molybdenum at the 124 p.p.m. level) and accuracy achieved on solid samples are such that differences between 
the determined and the recommended values are 6 per cent relative or less. 

3. APPARATUS 
(1) Heraeus Chrust Centrifuge Model HC 142 l.abofuse II 
(2) Miner Poly vac El 000 Spectrometer 

With manually controlled electronic system. 
(3) Inductively Coupled Plasma Torch1 with a Radyne-Delapena RD 150/H Generator 

4. REAGENTS 
(1) Hydrochloric Acid 

A.R. grade, relative density 1,19. 
(2) Nitric Acid 

A.R. grade, relative dcns..y 1,40. 
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E-iiuit'tlcnt Av IHK I 

FIGURE 1. Correction of the arsenic concentration in solids for the amount of aluminium p resent 

Kguivjlenf As, niii 1 

FIGURE 2. Correction of the arsenic concentration in solutions for the amount of aluminium 
present 

(3) Perchloric Acid 
A.R. grade, relative density 1,67. 

(4) Sulphuric Acid 
A.R. grade, relative density 1,84. 

(5) Sulphuric Acid Solution, 10 per cent (v/v) 
Slowly add 100ml of concentrated sulphuric acid to 500ml of distilled water while stirring. Cool, 
transfer to a 1000ml volumetric flask, and make up to volume with distilled water. 

(6) Scandium Solution, I g/I 
Dissolve 1,53 g of scandium oxide (of at least 99 per cent purity) in 200 ml of 1:1 hydrochloric-
acid, and add 5 drops of hydrogen peroxide to complete the dissolution. Transfer to a 1000ml 
volumetric flask and make up to volume with distilled water. 

(7) Scandium Solution, 0,5 g/I 
Transfer 100ml of the I g/I scandium solution to a 200ml voi'imetric flask. Add 10ml of 
concentrated hydrochloric acid, and make up to volume with distilled water. 

(8) Johnson Matthey Specpure Chemicals 
Dissolve to obtain the concentrations given in Table 2. 

6 
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5. PREPARATION OF CALIBRATION STANDARDS 
5.1. Solids 

a. Transfer 0,5 g of ferric oxide and 0,89 g of calcium carbonate to each of three 100ml beakers. 
b. Slowly add 40 ml of 1:1 hydrochloric acid and 5 drops of hydrogen peroxide to each beaker. 
c. Place the beakers on a hot-plate until the dissolution is complete. 
d. Cool, and transfer the solutions to three 500ml volumetric flasks. 
e. Add 80 ml of concentrated hydrochloric acid and 25 ml of 1 g/l scandium solution to each flask. 
f. Add the analytes as set out in Table 2, and make up to volume with distilled water. 

TABLE 2 

Preparation of standards: for solids 

Standard 1 Standard 2 Standard 3 
Vol. Soln Concn Vol. Soin Concn Vol. Soln Concn 

Analyte ml g/l mg/l ml g/l mg/l ml g/l mg/l 
As* 5 0,05 0,9 15 0,5 21 30 0,5 42 
Mo 5 0,05 0,5 10 1,0 20 20 1,0 40 
Al (as 
A120,) 10 5,0 100 75 10 1500 150 10 3000 

* The concentration of arsenic in each standard is corrected for the amount of aluminium present (Figures 
I and 2) 

5.2. Solutions 
5.2.1. Sulphuric Acid Medium 

a. Transfer 50 ml of 10 per cent (v/v) sulphuric acid to each of the three 500 ml volumetric flasks. 
b. Add the analytes as given in Table 3. 
c. Add 25 ml of l g/i scandium solution to each flask, and make up to volume with distilled water. 

5.2.2. Alkaline Medium 
a. Transfer 0,4 g ol sodium chloride and 50 ml of concentrated hydrochloric acid to each of the three 

500 ml volumetric flasks. 
b. Add the analytes as set out in Table 3. 
c. Add 25 ml of l g/I scandium solution to each flask, and make up to volume with distilled water. 

TABLE 3 

Preparation of standards for solutions 

!— n 

I 
Standard l Standard 2 Standard 3 

j Vol. Soln Concn Vol. Soln Concn Vol. Soln Concn 
I Element ml g/l mg/l ml g/l mg/l m! g/I mg/l 
I A s * 5 0,05 0,6 15 ' 0,5 15,5 30 0,5 31 
j Mo 5 ] 0,05 0,5 10 1,0 20 20 1.0 40 
| Al . " _ 0,5 

L 
25 7,5 5 75 15 5 150 

• The concentration of arsenic in each standard is corrected for the amount of aluminium present (figures 
I and 2) 

6. PREPARATION OF THE SAMPLES 
6.1. Solids 

a. Weigh l,0g of the sample into a 125ml Phillips bea'<er. 
b. Add 10ml of concentrated hydrochloric aci.., 5ml of concentrated nitric acid, and 5ml of 

concentrated perchloric acid. 
c. Transfer to a hot-plate and evaporate to fumes. Add 5 ml of 1:1 sulphuric acid, and evaporate to 

paste. 

7 
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d. Add 10ml of 1:1 hydrochloric acid, and boil for 5 minutes. 
e. Transfer 2,5m! of 0,5g/l scandium solution to a 25mi volumetric flask. 
f. Cool the sample solution and transfer it to the volumetric flask. Wash the beaker four times with 

distilled water, transferring the washings to the flask. 
g. Make up to volume and shake well. 
h. Transfer 20ml of the solution to centrifuge tubes, and centrifuge for 5 minutes, 
i. Carefully decant the clear solution into a clean, dry vial. 

6.2. Solutions 
6.2.1. Sulphuric Acid Leach Liquors 

a. Transfer 5 ml of the sample solution to a 100ml volumetric flask. 
b. Add 10ml of the 10 per cent (v/v) sulphuric acid solution. 
c. Add 5 ml of 1 g/1 scandium solution, and make up to volume with distilled water. 

6.2.2. Sulphuric Acid Rinsing Solutions 
a. Transfer ;0inl of the sample solution to a 20 ml volumetric flask. 
b. Add 1,5 ml of the 10 per cent (v/v) sulphuric acid solution. 
c. Add ) ml of 1 g/1 scandium solution, and make up to volume with distilled water. 

6.2.3. Alkaline Leach Liquors 
a. Transfer 2 ml of the sample solution to a 100ml volumetric flask. 
b. Add 20 ml of 1:1 hydrochloric acid. 
c. Add 5 ml of 1 g/1 scandium solution, and make up to volume with distillf-J water. 

6.2.4. Alkaline Rinsing Solutions 
a. Transfer *.ml of the sample solution to a 20 ml volumetric flask 
b. Add 4ml of 1:1 hydrochloric acid. 
c. Add 1 ml of 1 g/1 scandium solution, and make up to volume with distilled water. 

7. INSTRUMENTAL PARAMETERS 
Use the settings for the Hilger measuring console as listed in Table 4. 

TABLE 4 

Settings for Hilger measuring console 

Element 

Spectral 
line 
nm 

Dynode 

Element 

Spectral 
line 
nm Solids Solutions 

As 
Mo 
Al 

193,7 
287,1 
308,3 

10 
7 
6 

10 
7 
7 

8. OPERATING PARAMETERS 
Use the operating parameters listed in Table 5. 

9. PROCEDURE 
a. Switch on the Radyne-Delapena generator and the radio frequency at least 30 minutes before 

operating the ICP. Place the sign 'Dangei RF On' on top of the torch assembly. 
b. Use the settings for the Hilger measuring console given in Table 4 for the appropriate set of standards. 
c. Start the ICP torch, adjusting the parameters as listed in Table 5. 
d. Switch on the extraction fan, and switch the power-supply stabilizer to 'ON' and 'MAINTAIN'. 
e. To stabilize the phofomultipliers, set the measuring console on 'HOLD', and aspirate a previously 

analysed solution under the condi'ions listed for the spectrometer in Table 5. Repeat this step ten 
times. 

f. Switch off the 'HOLD' setting, and aspirate the standards in duplicate. Aspirate distilled water 
for 20 seconds after each change of standards. 

8 
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TABLE 5 

Operating parameters 

1. Hilger spectrometer 
Integration Scandium 
Preburn 10s 
Integration time on scandium channel 20s ± 1,0s 
Automatic setting Twice the voltage shown on the 

scandium channel (i.e. 3000 mV) 
2. ICP system 

Flowrate of plasma gas (argon) 19 1/min (Manometer 17) 
Flowrate of aerosol &as (argon) 2,5 1/min (Manometer 8) 
Flowrate of cooling gas (nitrogen) 50 1/min (Manometer 9) 
Approximate power input l lkW (5,2 kV) 
Observation height above coil 16mm 

g. Aspirate four samples twice each in the same manner as for the standards. 
h. Check the calibration as described in step f, and continue aspiration with a further four samples. 

Repeat this operation until all the samples have been aspirated, and then check the calit-ation again. 
i. Draw calibration curves for each of the elements by plotting t'ie digital-voltmeter readings against 

the concentrations given in Tables 2 and 3. From the curves derive the concentrations of the 
compounds in the samples. 

j . Read off from the graphs (Figure 1 for solids and Figure 2 for solutions) the concentration of arsenic 
equivalent to that contributed by the presence of aluminium, and deduct this from the gross arsenic-
values. 

k. Calculate the concentration of arsenic and molybderum in the samples by multiplying by the 
appropriate dilution factor. 

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

sample simultaneous multi-element analyses with an H.F. plasma torch and direct reading 
spectrometer. Ana!. 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 system and its application to the analysis of copper, lead, and zinc concentrates. 
Johannesburg, National Institute for Metallurgy, Report 1815. Apr. 1976. 18 pp. 



ANALYTICAL METHODS 

E.1.S 
E.1. U 

THE SPECTROGRAPHIC DETERMINATION OF SULPHUR AND URAMUM IN SOLID AND LIQUID 
SAMPLES 

LABORATORY METHOD NO. 16/11 

1. OUTLINE 
A direct-reading spectrochemical procedure with inductively coupled plasma (ICP)1 as the excitation 

source is used for the determination of sulphur and uranium in solid samples and of uranium in process 
solutions. The solid samples are digested in a mixture of concentrated hydrochloric, nitric, and perchloric 
acids, and are evaporated to incipient dryness. The samples are redissolved in 1:1 hydrochloric acid, and 
the solution is transferred to a volumetric flask. Scandium is a^ded as the internal standard, and the solution 
is made up to volume. For the process solutions, an aliquot portion is transferred to a volumetric flask, 
the acid concentration is adjusted to match the standards, scandium is added as the internal standard, and 
the solution is made up to volume. 

The sample solutions, together with a set of standards, are presented to the ICP, the integration time 
being related to a predetermined number of counts for the internal standard. Plots are drawn of digital-
voltmeter readings versus concentration for each of the elements measured. No chemical or matrix 
interferences are observed. 

2. APPLICATION 
The method is applicable to the analysis of sulphur and uranium in samples from the Karoo and of 

uranium in associated process solutions over the concentration ranges given in Table 1. 

TABLE 1 

Concentration ranges for sulphur and uranium 

Medium 
Sulphur 
p.p.m. 

U 3 O g 

p.p.m. 
Solid samples 
H2SO4 lead' liquor 
H2SO4 rinsing solution 

200 to 10 000 50 to 1500 
;o to 1200 

2 to 120 

The precision or relative standard deviation is 0,022 for sulphur at the 1200p.p.m. level, 0,018 for 
uranium at the 500p.p.m. level, and 0,053 for uranium at the 50p.p.m. level. 

3. APPARATUS 
(1) MSE Super Minor Centrifuge 
(2) Hilger Polyvac El000 Spectrometer 

With manually controlled electronic system. 
(3) Inductively Coupled Plasma Torch2 with a Radyne-Delapena RO ISO/'H Generator 

4. REAGENTS 
(1) Hydrochloric Acid 

A.R. grade, relative density 1,19. 
(2) Nitric Acid 

A.R. grade, relat.ve density 1,40. 
(3) Perchloric Acid 

A.R. grade, relative density 1,67. 
14) Sulphuric Acid 

A.R. grade, relative density 1.84. 
(5) Sulphuric Acid Solution, 10 per cent fv/v) 

Slowly add 100ml of concentrated sulphuric acid to 500 ml of distilled water while stirring. Cool, 
transfer to a 1000ml volumetric flask, and make up to volume with distilled water. 

10 
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(6) Scandium Solution, I g/l 
Dissolve 1,53 g of scandium oxide (of at least 99 per cent purity) in 200 ml of 1:1 hydrochloric 
acid, and add 5 drops of hydrogen peroxide to complete the dissolution. Transfer to a 1000ml 
volumetric flask and make up to volume with distilled water. 

(7) Scandium Solution, 0.5g/l 
Transfer 100 ml of I g/l scandium solution »o a 200 ml volumetric flask. Add 10 ml of concentrated 
hydrochloric acid, and make up to volume with distilled water. 

(8) Johnson Matthey Specpure Chemicals 
Dissolve to obtain the concentrations set out in Table 2. 

TABLE 2 

Preparation of standards for solids 

Analyte 

Standard 1 Standard 2 Standard 3 

Analyte 
Vol. 
ml 

Soln 
g/l 

Concn 
mg/l 

Vol. 
ml 

Soln 
g/l 

Concn 
mg/l 

Vol. 
ml 

Soln 
g/l 

Concn 
mg/l 

S 5,0 
L ».° 

1,0 
1,0 

10 
2 

10 
15 

10,0 
1,0 

200 
30 

20 
30 

10,0 
1, 

400 
60 

5. PREPARATION OF STANDARDS 
5.1. Solids 

a. Transfer 0,5g of ferric oxide and 0,89g of calcium carbonate to each of three 100ml beakers. 
b. Slowly add 40 ml of 1:1 hydrochloric acid and 5 drops of hydrogen peroxide to each beaker. 
c. Place the beakers on a hot-plate until the dissolution is complete. 
d. Cool, and transfer the solutions to three 500ml volumetric flasks. 
e. Add 80ml of concentrated hydrochloric acid and 25ml of 1 g/l scandium solution to each flask. 
f. Add the analytes as set out in Table 2, and make up to volume with distilled water. 

5.2. Sulphuric Acid Medium 
a. Transfer 50 m! of 10 per cent (v/v) sulphuric acid to each of the three 500 ml volumetric flasks. 
b. Add the uranium as set out in Table 3. 
c. Add 25 ml of 1 g/l scandium solution to each flask, and make up to volume with distilled water. 

TABLE 3 

Preparation of standards for solutions 

Analyte 

Standard 1 Standard 2 Standard 3 

Analyte 
Vol. 
ml 

Soln 
g/l 

Concn 
mg/l 

Vol. ' Soln 
ml _ i 

Concn 
mg/l 

Vol. 
ml 

Soln 
g/l 

Concn 
mg/l 

u,o, 1,0 1,0 2 15 | 1,0 30 30 1,0 60 

6. PREPARATION OF THE SAMPLES 
6.1. Solids 

a. Weigh l,0g of the sample into a 125ml Phillips beaker. 
b. Add 10ml of concentrated hydrochloric acid, 5ml of concentrated nitric acid, and 5ml of 

concentrated perchloric acid (Note 1). 
c. Transfer to a hot-plate, cover with a watch-glass, and heat for 10 minutes. 
d. Remove the watch-glass and evaporate to paste. 
e. Add a further 10ml of 1:1 hydrochloric acid, and boil for 5 minutes. 
f. Transfer 2,5 ml of 0,5 g/l scandium solution to a 25ml volumetric flask. 

I I 
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g. Cool the sample solution and transfer it to the volumetric flask. Wash the beaker four times with 
distilled water, transferring the washings to the flask, 

h. Make up to volume and shake well. 
i. Transfer 20ml of the solution to centrifuge tubes, and centrifuge for 5 minutes, 
j . Carefully decant the clear solution into a clean, dry vial. 

6.2. Solutions 
6.2.1. Sulphuric Acid Leach Liquors 

a. Transfer 5 ml of the sample solution to a 100 ml volumetric flask. 
b. Add 10ml of the 10 per cent (v/v) sulphuric acid solution. 
c. Add 5 ml of 1 g/1 scandium solution, and make up to volume with distilled water. 

6.2.2. Sulphuric Acid Rinsing Solutions 
a. Transfer 10ml of the sample solution to a 20ml volumetric flask. 
b. Add 1,5 ml of the 10 per cent (v/v) sulphuric acid solution. 
c. Add 1 ml of 1 g/1 scandium solution, and make up to volume with distilled water. 

7. INSTRUMENTAL PARAMETERS 
Use the settings for the Hilger measuring console as listed in Table 4. 

TABLE 4 

Settings for the Hilger 
measuring console 

Dynode setting 10 

Element 

Spectral 
line 
nm 

S 
U 

180,7 
378,3 

8. OPERATING r ONDITIONS 
Use the operating parameters listed in Table 5. 

9. PROCEDURE 
a. Switch on the Radyne-Delapena generator and the radio frequency at least 30 minutes before 

operating the 1CP. Place the sign 'Danger RF On' on top of the torch assembly. 
b. Turn the argon switch on the spectrometer to 'FLOW and adjust the manometer flowmeter to 

read '10'. 
c. Set the Hilger measuring console for the appropriate set of standards (Table 4). 
d. Start the ICP torch, using the parameters listed in Table 5. 
e. Switch on the extraction fan, and switch the power-supply stabilizer to 'ON' and 'MAINTAIN'. 
f. To stabilize the photomultipliers, set the measuring console on 'HOLD', and aspirate a previously 

analysed solution under the conditions listed for the spectrometer in Tabic 5. Repeat this step ten 
times. 

g. Switch off the 'HOLD' setting and aspirate the standards in duplicate. Aspirate distilled water for 
20 seconds after each change of standards. 

h. Aspirate four samples twice each in the same manner as for the standards. 
i. Check the calibration as described in step f and continue with a further four samples. Repeat t.iis 

operation until all the samples have been aspirated, and then check the calibration again, 
j . Turn off the argon 'FLOW switch on the spectrometer, 
k. Draw calibration curves for each of the elements by plotting the digital-voltmeter readings against 

the concentrations given in Tables 2 and 3. From the curves derive the concentrations of the 
compounds in the samples. 

I. Calculate the concentration of sulphur and uranium oxide in the samples by multiplying by the 
appropriate dilution factor. 
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TABLE 5 

Operating parameters 

I. Hilger spectrometer 
Integration Scandium 
Preburn 10s 
Integration time on scar-Jium channel 20s ± 1,0s 
Automat;;- setting Twice the voltage shown on the 

scandium channel (i.e. 3000 mV) 
2. ICP system 
Flowrate of plasma gas (argon) 19 1/min (Manometer 17) 
Flowrate of aerosol gas (argon) 2,5 1/min (Manometer 8) 
Flowrate of cooling gas (nitrogen) 50 1/min (Manometer 9) 
Approximate power input llkW (5,2 kV) 
Observation height above coil 16mm 

NOTE 
(1) If molybdenum, arsenic, and vanadium are to be determired simultaneously with uranium and 

sulphur, treat the samples with hydrofluoric acid after the oxidizing acid attack to ensure the 
complete dissolution of molybdenum and vanadium. 

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

sample simultaneous multi-element analyses with an H.F. plasma torc'i and direct reading 
spectrometer. Anal. 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 analysis of copper, lead, and zinc 
concentrates. Johannesburg, National Institute for Metallurgy, Report 1815. Apr. 1976. 18 pp. 
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E.1. C 

THE RAPID DETERMINATION OF CARBONATE AND OhGANIC CARBON BY A COMBUSTION 
TECHNIQUE 

LABORATORY METHOD NO. 6/28 

1. OUTLINE 
The carbonate in the material is determined by calculation of the difference between the total carbon 

present and the carbon remaining after the sample has been leached with acid. Total and residual carbon 
are determined by use of a thermal-conductivity method with a Leco WR 12 carbon determinator. The 
carbon is burnt in a stream of oxygen in an induction furnace, a mixture of iron and copper being used 
as accelerator. The carbon dioxide evolved is determined by measurement of the change in thermal 
conductivity of the oxygen carrier gas and the carbon dioxide. 

The instrument is calibrated by the use of iron reference materials or by variation of the amount of 
reference material taken to give a range of carbon concentrations. 

2. APPLICATION 
The method is applicable to the determination of total and residual 'organic' carbon over the range 

0,1 to 5,0 per cent. Since the carbonate is determined by difference and the conversion factor for carbon 
to carbonate is S, accurate and precise determinations of total and residual carbon are required for its 
estimation. 

3. APPARATUS 
(1) Leco WR 12 Carbon Determinator Model 761-100 
(2) Leco Crucibles So. 528-031 
(3) Leco Induction Furnace No. 763-200 
(4) Gooch Crucibles, Haldenwagen 82A-3 

4. REAGENTS 
(1) Oxygen 

Of purity higher than 99,0 per cent. 
(2) Anhydrous Magnesium Perchlorate 
(3) Manganese Dioxide 
(4) Ascarite (Mixture of Sodium Hydroxide and Asbestos) 
(5) Glass Wool 

Leco part no. 501-081. 
(6) Copper-metal Accelerator 

Leco, part no. 501-263. 
(7) Iron-chips Accelerator 

Leco part no. 501-077. 
(8) Hydrochloric Acid Solution, 10 per cent (v/v) 

Dilute 100ml of hydrochloric acid, 36 per cent (relative dens ty 1,19) to 1 litre. 
(9) Glass-fibre Discs 

Use a no. 15 cork borer to cut discs of approximately '3mm diameter from a GF/A 7,0cm 
Whatman's glass-fibre disc. 

5. AMOUNT OF SAMPLE 
The amount of sample taken is 0,2 g. 

6. PROCEDURE 
Use a Leco WR12 carbon determinator in conjunction with an induction furnace. 

6.1. Checking of the Instrument 
Check the operation of the instrument as instructed in the manufacturer's manual'. 

6.2. Calibration of the Instrument 
a. Prepare the instrument for calibration according to the manufacturer's instructions', using only 

•'-.e copper accelerator, which should give a low blank value, and operating the switch for the carbon 
range in the high position. 
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b. Having verified the performance of the instrument with the copper accelerator, establish a blank 
value for a mixture of 2 level scoops of iron chips (about 1,7 g) and 1 level scoop of copper (about 
l,2g) using an oxygen flowrate of 1,5 1/min. 

c. Note the reading on the digital voltmeter (Z)2)-
d. Calibrate the instrument with a reference material in the 0,43 per cent car?on range. If 0,34g of 

the reference material is taken, a digital-voltmeter reading of approximately 0,15 will be obtained. 
e. Add the digital-voltmeter reading for the blank value to that obtained for the reference material, 

and set the calibration dial accordingly, e.g. 0,15 (reference material) + 0,013 (blank value) = 0,163. 
f. Repeat the procedure until a constant value is obtained, readjusting the reading after each 

determination. 
g. Use a combustion time of 70 seconds with the blank switch in the 'OFF' position. 

6.3. Analysis of the Sample 
6.3.1 Total Carbon 

a. Weigh 0,2 g of sample into a Leco crucible. 
b. Add 2 level scoops of iron chips and one level scoop of copper (Note 1). 
c. Operate the instrument according to the manufacturer's instruction manual1. 
d. Leave the compensator for sample mass (set on 1 g) in the operating position. 
e. During the operation of the instrument, set the Variac to maximum, and the 'grid tapping switch' 

to 'LOW' initially. If the 'plate current' does not quickly build up to 400 mA, switch the 'grid tapping 
switch' to 'HIGH' until a 'plate current' of 500mA (not higher) is obtained, and maintain at this 
current for the duration of the burn by adjusting the 'grid tapping switch' if necessary. 

f. Note the digital-voltmeter reading (Di). 

6.3.2. Residual'Organic'Carbon 
a. Weigh 0,2g of the sample into a sOOml beaker, add 100ml of 10 per cent (v/v) hydrochloric acid 

solution, bring to the boil, and boil for 30 minutes. Cover the beaker with a cover-glass to minimize 
evaporation of the solution during boiling. 

b. Filter the solution by suction through a glass-fibre disc fitted into a Gooch crucible. Wash the glass-
fibre disc and residue twice with hot water. 

c. Dry the glass-fibre disc and residue in the Gooch crucible in an air-oven at 100 °C for approximately 
1 hour. 

d. Remove the disc and residue carefully from the Gooch crucible and transfer quantitatively to a 
Leco cucible. 

e. Add 2 level scoops of iron chips and I level scoop of copper to the Leco crucible. 
f. Operate the Leco instrument according to the manufacturer's manual2, leaving the compensator 

for the mass of the sample set on 1 g in the operating position. 
g. During operation of the instrument set the 'Variac' and the 'grid tapping switch' at a maximum 

from the start of the carbon determination to ensure that the 'burn' reaches the 500 mA 'plate current' 
mark and results in the release, for measurement, of all the carbon as carbon dioxide. 

h. Note the digitai-voltmeter reading, (Z?j) (Note 2). 
i. In conjunction with the determination of organic carbon, carry out a determination on a blank 

solution, using a glass-fibre disc, 2 level scoops of iron chips, and I level scoop of copper. 
j . Note the digital-voltmeter reading [DA). 

7. SHUT-DOWN OF THE INSTRUMENT 
Follow the instructions set out in the manufacturer's instruction manual'. 

8. CALCULATION 
D\ is the digital-voltmeter reading for the sample plus the blank value, 
Di is the digital-voltmeter reading for the blank value, 
D\ is the digital-voltmeter reading for the organic carbon plus the blank value, 
DA is the digital-voltmeter reading for the blank value, i.e. the glass-fibre disc, etc., 
W is the mass of sample taken for determination of the total carbon, and 
f*'i is the mass of sample taken for determination of the organic carbon. 

a. Total Carbon 

{D< :„Dl) = % carbon. 

n 
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b. Organic Carbon 

(D) - D 4) _ . ijT = Wt organic carbon. 

c. Carbonate 

(% total carbon - % organic carbon) x 5 = % COj". 

9. NOTES 
(1) The accelerator mixture used was found to be suitable for the amount of sample (0,2 g). Adjustments 

to the accelerator mixture may be necessary if the mass of the sample is altered. 
(2) The accelerator mixture used was found *o be suitable for the amount of sample (0,2 g) and for 

the glass-fibre disc used for the filtration. Alteration of the parameters would require alterations 
to the method. 

10. REFERENCES 
1. LECO. WR12 Carbon Determinator Model 761-100. Leco, Instruction Manual, Section 4. 
2. Ibid., Section 6, paragraphs 6-12. 
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E.2.U, elements in 
E.2. Mo, elements in 
E-2. As, elements in 

THE ANALYSIS, BY X-RAY-FLUORESCENCE SPECTROMETRY, OF MAJOR AND MINOR 
COMPONENTS IN URANIUM, MOLYBDENUM, AND ARSENIC CAKES 

LABORATORY METHOD NO. 0/18 

1. OUTLINE 
The analysis of arsenic and molybdenum cakes is carried out by the use of a single-standard calibration 

method, the determination of uranium in ammonium diuranate cake being carried out by the use of the 
Compton ratio technique. 

The halides are separated as silver salts, being collected in the form of a thin film, and are then measured 
by X-ray-fluorescence (XRF) spectrometry, a gold tube being used for iodine and a molybdenum tube for 
the indirect determination of chlorine and the direct determination of bromine. The chlorine present in 
the filter is determined by measurement of the Ag Ka line and subtraction of the equivalent amount of 
silver for bromine and iodine. 

2. APPLICATION 
The procedure is applicable to the following materials arising from the processing of Karoo deposits 

for uranium: 
(1) ammonium diuranate with a UjO* concentration of about 90 per cent and minor amounts of 

cl.lorine, bromine, and iodine, 
(2) ammonium molybdate with a molybdenum concentration of about SO per cent, and minor amounts 

of U?0», arsenic, and iron, and 
(3) arsenic recycle cake containing arsenic, molybdenum, VjO», and iron in widely varying amounts. 

3. DETERMINATION OF U 30,, MOLYBDENUM, AND ARSENIC 
3.1. Reagents 

(1) Nitric Acid 
Concentrated. 

(2) Hydrochloric Acid 
Concentrated. 

(3) Perchloric Acid 
Concentrated. 

(4) Uranium Oxide 
A.R. grade. 

(5) Molybdenum Solution, 20g/l 
Dissolve the appropriate amount of ammonium molybdate (chemically analysed) in water. 

(6) Arsenic Solution, 20g/l 
Dissolve 3,33*0g of arsenic trioxide in 6ml of 50 per cent potassium hydroxide solution, add 40 ml 
of hydrochloric icid, and dilute to 100ml with water. 

(7) U,0, Solution, 2g/l 
Dissolve 1 g of UjO» in 20ml of 1:1 nitric acid, and dilute to 500ml with water. 

3.2. Dissolution Procedures 
3.2.1. Dissolution of Ammonium Diuranate Cake 

a. Accurately weigh out 0,2g of finely ground dry ammonium diuranate into a 250ml squat beaker, 
and cover with a watch-glass. 

b. Add 10ml of distilled water and 10ml of concentrated nitric acid. 
c. Swirl to dissolve, cover with a watch-glass, and heat slightly to dissolve all the material. 
d. Cool, transfer to a 100ml volumetric flask, and dilute "» the mark. 
e. Prepare a calibration standard from pure UiO* and a control standard in the same way (steps a to d). 

3.2.2. Dissolution of Ammonium Molybdate Cake 
a. Accurately weigh out I g of sample into a 250ml squat beaker. 
b. Dissolve as much of the salt as possible in water by gentle heating. 
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c. Add 10ml of concentrated nitric acid and boil until the residue is dissolved. 
d. Transfer to a 100ml volumetric flask and dilute to volume with distilled water. 

3.2.3. Dissolutic of Arsenic Cake 
a. Weigh 1 g ui sample into a 250ml squat beaker. 
b. Add 20ml of 1:1 hydrochloric acid and boil until the reaction has ceased. 
c. Carefully add 5 ml of concentrated nitric acid and boil until nitrous fumes have been expelled. 
d. Carefully add not more than 2 ml of hydrofluoric acid and 5 ml of perchloric acid and take to fumes 

(Note I). If necessary, repeat this step until all the material has dissolved. 
e. Cool, and dilute to 100ml. 

3.3. Single-standard Calibration Method for the Determination of Arsenic, Molybdenum, and 
U]0 8 in Arsenic Cake, and Molybdenum in Ammonium Molybdate Cake 
a. Measure three net intensities, namely, that of the standard, that of a mixture of standard and sample, 

and that of the sample. 
b. Substitute the three net intensities and the mass Traction of the sample (in the mixture of the standard 

and sample) into a simple equation, the solution of which yields the concentration of the element 
measured. 

3.4. The Determination of U 30 8 in Ammonium Diuranate Cake by Use of the Compton Ratio for 
Matrix Correction 
a. Use the background measurement at the 35,00° 26 angle. 
b. When using the 35,00° 26 angle, do not alter the normal programme since no lift on the background 

by the U La peak occurs. 

3.5. Instruments and Instrumental Parameters 
Use the instruments and instrumental parameters listed in Table 1. 

TABLE 1 

Instruments and instrumental parameters for major constituents 

Philips PW 1220 or 1540 
Philips PW 1130 
LiF (220)-cut 
Scintillation counter 
Air 
To include 95% of energy 
160/im 

Type of material 
Ammonium 
diuranate 

Aisenic j Arsenic | Arsenic 
cake ! cake | cake 

Molybdenum 
cake 

Analyte 
Tube 
Voltage 
Current 
Counting time 
at all 28 angles 

Peak angle 
Background angle 
Compton angle 
Interfering angle 

u,o 8 

Mo target 
60kV 
35 mA 

40s 
37,25° 26 
35,00° 26 
30,21° 26 

Rb Ka 37,95° 28 

u,o» 
Mo target 

60kV 
35 mA 

20 s 
37,25" 28 
35,00° 26 

Rb Ka 37,95° 26 

As 
Au target 

60kV 
40 mA 

20 s 
48,79° 26 
50,00° 26 

Mo 
Au target 

40 kV 
20 mA 

20 s 
28,84° 26 
35,00° 26 

U La 37,25° 26 

Mo 
Au target 

40kV 
20 mA 

20 s 
28,84° 26 
35,00° 26 

U La 37,25° 28 

Standard conditions: 
Spectrometer 
Generator 
Bragg crystal 
Detector 
Radiation path 
Discriminator window setting 
Collimator 
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3.6. INTERFERING ELLMENTS 
The interferences are given in Table 2. 

TABLE 2 

Interfering elements 

Analyte line H La Mo Ka AsKa 
Interfering peaks Rb Ka 1 U L0, -
Factor 0,007* [ 0,0502* -

* Check these factors for both instruments 

4. DETERMINATION OF CHLORINE, BROMINE, AND IODINE IN AMMONIUM DIURANATE CAKE 
4.1. Apparatus 

Millipore Filter, Type HA WP02500 

4.2. Reagents 
(1) Silver Nitrate Solution, 0,5 M 
(2) Nitric Acid Solution, 5 per cent (v/v) 
(3) Nitric Acid, Concentrated 

A.R. grade. 
(4) Potassium Chloride, Potassium Bromide, and Potassium Iodide 

A.R. grade. Dry at 105 °C for 1 hour. 

4.3. Dissolution of the Sample 
a. Weigh 0,2 g of ammonium diuranate into a 250ml Phillips beaker. Cover with a watch-glass. 
b. Add 50ml of 10 per cent (v/v) nitric acid and swirl to dissolve. If necessary, heat very slightly to 

complete the dissolution. 
c. Cool and dilute to 100 ml. 

4.4. Preparation of Thin Film 
a. Pipette 50 ml of sample solution into a 250 ml squat beaker. 
b. Add up to 5 mg of cellulose pulp and 5 ml of 0,05 M silver nitrate ( • 27 mg of silver). Swirl slightly 

and allow to stand for 3 minutes. 
c. Carefully filter through a 0,6J /*m Millipore filter, and wash precipitate three times with 5 per cent 

nitric acid solution. 
d. Allow to dry by suction for not more than 1 minute. 
e. Carefully remove filter pad and place on absorbent filter pad to dry. 
f. Mount filter between two layers of thin Mylar film, and fix carefully into metal sample holders. 

4.5. Interferences 
No spectral interferences were found that can affect the bromine and iodine determinations. The 

Millipore filter was found to contain chlorine, which made the direct measurement of the CI Ka line 
impracticable. 

4.6. Measurement 
Measure the mounted samples at the peak and background positions using the instruments and 

instrumental parameters listed in Table 3. 

4.7. Calibration and Preparation of Blanks 
a. Prepare a mixed standard solution by weighing out the dry salts and dissolving in distilled water 

to give a maximum hr.Iidc concentration of 200mg/l. 
b. For calibration, take aliquot portions contlining up to 1000ug in a 250ml squat beaker. 
c. Adjust the acid concentration to 5 per cent (v/v) with nitric acid and proceed as from step b in 

Section 4.3. 
d. Carry out blank determinations throughout the entire process. 
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TABLE 3 

Instruments and instrumental parameters for minor constituents 

Standard conditions: 
Spectrometer 
Generator 
Brafeg crystal 
Detector 
Radiation path 
Discriminator window setting 
Counting time at all 26 angles 
Collimator 

Philips PW 1220 
Philips PW 1130 
LiF (220)-cut 
Scintillation counter 
Air 
To include 95"It of energy 
20 s 
160 itm 

Analytical line Ag ka Br Ka I Ka 
Tube Mo target Mo target Au target 
Voltage 60kV 
Current 40 mA 
Window 4,60 5,00 5,00 
Lower level 2,»0 2,80 2,50 
Peak angle 22,84° 20 42,84° 26 17,50° 20 
Background angle 25,00° 2d 41,43° 26 16,44° 20 

4.8. Calculation of Results 
a. Determine the background ratios for the three elements from the results obtained on the blank discs. 

Background ratio = Intensity at peak position 
Intensity at background position" 

b. Obtain the net intensities of the three elements by using the simple formula 

Net intensity = (P-FB)/FB, 

where P is the intensity at the analyte line, 
B is the intensity at the background position, and 
F is the background ratio. 

c. Draw calibration curves for silver, bromine, and iodine by plotting the net intensities of the three 
elements against the concentration. 

d. From the graph, read the concentration of the halide present in the sample. 
e. Calculate the concentration of chlorine as follows: 

CI, ng = [A - (B x 1,350) + (C x 0,850)] x 0,329, 

where A is tht silver detected (fig). 
B is the bromide detected (/(g), and 
C is the iodine detected (/xg). 

The concentration of halide (p.p.m.) is calculated as follows: 

„ ... Halide detected (ug) x 10 Halide, p.p.m. = o -t . , v .—-.. Mass of sample taken (mg) 

5. NOTE 
(I) The beaker is attacked slightly. 
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E.2. Fe, As in 
E.2. Fe, Mo in 

E.2. Fe, U in 

THE SEPARATION OF ARSENIC, MOLYBDENUM, AND URANIUM FROM LARGE AMOUNTS 
OF IRON IN FERRIC ARSENATE 

LABORATORY METHOD NO. 26/37 

1. OUTLINE 
The sample is dissolved in a mixture of nitric and perchloric acids, and the solution is evaporated to 

near dryness. The residue is dissolved in 10 M hydrochloric acid, and the solution is passed through an 
AGW-X4 cation-exchange column. After the addition of perchloric and nitric acids, the eluate is evaporated 
to fumes of perchloric acid and is diluted as required for the determination of arsenic, molybdenum, and 
uranium by a suitable method. 

2. APPLICATION 
The method is applicable to the separation of arsenic, molybdenum, and uranium from relatively large 

amounts of iron. The separation of 13 samples (10 samples, 2 duplicates, and I blank solution) can be 
accomplished in 11 hours of elapsed time or 8 hours of actual working time. These figures do not include 
the time required for the measurements. 

3. REAGENTS 
(1) Nitric Acid 

A.R. grade, relative density 1,42. 
(2) Perchloric Acid 

A.R. grade, relative density 1,67. 
(3) Hydrochloric Acid Solution, WM 

Dilute concentrated A.R.-grade hydrochloric acid solution (relative density 1,19) as required. 
(4) Cation-exchange Resin 

Analytical grade BIO.RAD AG 50W-4, mesh size 200 to400, obtained from BIO.RAD Laboratories, 
Richmond, California. 

4. PREPARATION OF CHROMATOGRAPHIC COLUMN' 
a. Clean the new resin by heating gently in a solution of 4M hydrochloric acid. Wash several times 

by decanting with the same acid solution. 
b. Fill a column (approximately 2,5 cm wide) with the resin to a height of approximately 35 cm and 

condition the column with 10M hydrochloric acid (Note 1). 
c. After using the column, wash the resin inio a beaker with water (Note 2). Decant the water and 

treat the resin with 4M hydrochloric acid until all the iron has been desorbed. 

5. PROCEDURE 
a. Dissolve 0,5g of the sample in 10ml of nitric a .id and 5 ml of perchloric acid by gently heating 

on a hotplate. After dissolution evaporate to near dryness. 
b. Add 50ml of 10 M hydrochloric acid solution and, without heating, swirl the beaker until the residue 

is completely dissolved. 
c. Pass the solution through the BIO.RAD AG 50W-X4 column at a flowrate of one drop per second. 

Collect the cluatc (containing the arsenic, molybdenum, and uranium) in a 500ml beaker, and wash 
the column with 125 to 150ml of 10M hydrochloric acid solution. 

d. To the eluate, add 20ml of nitric acid and 10ml of perchloric acid, and evaporate the solution to 
strong fumes of perchloric acid. 

c. Dilute the solution to a volume appropriate for the individual determination of arsenic, molybdenum, 
and uranium by a suitable instrumental technique. 

6. NOTES 
(1) When treated with 10M hydrochloric acid, the resin bed will shrink to a height of approximately 

20 cm. 
(2) This serves to avoid breakage of the column caused by swelling of the resin. 
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E.2. Mo, trace elements in 

TH6 DETERMINATION, BY ATOMIC-ABSORPTION SPECTROPHOTOMETRY, OF TRACE 
ELEMENTS IN AMMONIUM MOLYBDATE 

LABORATORY METHOD NO. 42/9 

1. OUTLINE 
The sample oi ammonium molybdate is dissolved in a 20 per cent solution of nitric acid. Arsenic, 

copper, iron, and manganese are measured direct by flame atomic-absorption spectrophotometry (AAS), 
matched standards being used for copper, iron, and manganese. Lead is measured by flame AAS aft?r 
preconcentration by a solvent-extraction procedure. Tin is measured by electrothermal atomization, a carbon-
rod atomizer being used. 

2. APPLICATION 
The method is applicable to the determination of arsenic, copper iron, manganese, lead, and tin in 

ammonium molybdate precipitate. At the dilations given in Table 1, no significant interference occurs. 
If the concentration levels of copper, iron, and manganese are expected to be below 20g/l, necessitating 
smaller dilutions, interference is likely to occur, and the calibration standards should be matched with respect 
to ammonium molybdate. 

3. APPARATUS 
(1) Tantalum-coated Graphite Tubes 

Prepare as described in Sections 4 and 6. 
(2) Varian Techtron Atomic-absorption Spectrophotometer 

Fitted with a simultaneous background corrector, a chart recorder, and a carbon-rod atomizer that 
introduces the sample by aerosol deposition. 

4. REAGENTS 
(1) Ammonium Molybdate Solution, 100g/I 

Dissolve 25 g of Merck A.R.-grade ammonium heptamolybdate (NH^MoOz^HzO in 100ml of 
1:1 sulphuric acid. Dilute with water to 250ml. 

(2) Tantalum Solution for Coating of Graphite Tubes 
Transfer 1 g of tantalum metal to a plastic beaker. Add 3,3 ml of hydrofluoric acid, I g of oxalic 
acid, and 0,2 ml of hydrogen peroxide. Heat gently to dissolve. When dissolved, add 1,3 g of oxalic 
acid and 10 ml of water. Dilute to 20 ml, ~nd store in a plastic bottle. 

5. PREPARATION OF STANDARD SOLUTIONS 
5.1. Stock Solutions 

Prepare stock solutions in which the concentration of each of the analytes is 1000mg/l, as described 
in the Varian Techtron manual'. 

5.2. Calibration Standards 
Prepare calibration standards by successive dilution of the stock solutions with 10 per cent nitric acid 

or sulpnuric acid (Table 1) to give a range of standards for each analyte. If the concentrations of copper, 
iron, and manganese are such as to necessitate the use of matched standards, add 10 per cent ammonium 
molybdate solution to each calibration standard to give a final concentration of ammonium molybdate 
of 50g/l. 

The arsenic, copper, iron, and manganese can all be added together in one set of standards. 

6. COATINGS OF GRAPHITE TUBES WITH TANTALUM SOLUTION 
a. Transfer about 10ml of the tantalum solution to a plastic beaker. Place six non-pyrolytically coated 

graphite tubes in the solution and swirl the beaker to expel ?ir bubbles. 
b. Transfer the beaker to a vacuum desiccator and evacuate thr desiccator for 2 minutes. Release the 

air bubbles that forn. on the walls of the tubes by tapping the sides of the desiccator. 
c. Restore the atmospheric pressure and remove the tubes. Dry them in air and then at 110 °C for 1 hour. 
d. Mount each tube in the atomizer and, while the argon purge gas is flowing, raise the temperature 

gradually to 1000 °C and then to 2500 °C for a few seconds. 
e. Repeat the treatment, but soak the tubes for only 10 seconús under reduced pressure. 
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TABLE 1 

Calibration standards 

Range of concentrations in standards 
Analyte mg/1 Medium 
As 0 5 10 15 20 20% (v/v) NH0 3 

Cu 0 1 2 3 4 20% (v/v) HNO3 
Fe 0 2 5 6 8 20% (v/v) HNOj 
Mn 0 1 2 3 4 20% (v/v) HNOj 
Pb 0 1 2 3 4 20% (v/v) H 2 S0 4 , 50g/l 

ammonium molybdate 
Sn 0 0,01 0,02 0,03 0,04 10% (v/v) HNO3 

7. PREPARATION OF THE SAMPLES 
a. Transfer 5,0g of the sample material to a 600ml squat beaker. Add 20ml of water and 20ml of 

nitric acid. Stir to dissolve, but do not heat. 
b. Dilute to 100ml in a volumetric flask (Note 1). 
c. For the determination of lead, dissolve 1,0g of the sample material in water and separate as follows: 

add 2 ml of 1:1 sulphuric acid, transfer the solution to a 250ml separating funnel, and dilute to 
100 ml with water; add 20ml of a 5 per cent solution of Alamine 336 in ben;:ene, shake for 10 minutes, 
and allow the phases to separate; transfer the lower, aqueous phase to a clean, dry 250 ml separating 
funnel and repeat the extraction with 3 further 20 ml of 5 per cent Alamine 336 in benzene; reject 
the organic phase, and transfer the aqueous phase to a 250 ml beaker and evaporate to 5 ml (Note 2). 

d. For the measurement of all the analytes, prepare further dilutions as set out in Table 2. 

TABLE 2 

Dilutions for measurement of the analytes 

Aliquot 
portion Final vol. 

Analyte ml m/I Medium 
As 0 100 20% (v/v) HNO3 
Cu 0 100 20% (v/v) HNO3 
Fe 0 100 20% (v/v) HNOj 
Mn 0 100 20% (v/v) HNO3 
Pb 0 5,0* 20% /v/v) H2SO4 
Sn 5 10 10% (v/v) HNO3 

• After extraction 

8. MEASUREMENT 
a. Using the instrumental parameters listed in Tables 3 and 4, measure the absorbance of each analyte 

in turn. 
b. Measure arsenic, lead, and tin with simultaneous background correction: lead in an air-acetylene 

flame; arsenic, copper, iron, and manganese in a nitrous oxide-acetylene flame (Note 3); and tin 
by carbon-rod atomization. 

TABLE 3 

instrumental parameters for the A A 475 spectrophotometer 

Analyte As Cu Fe Mn Pb 
Wavelength, nm 
Spectral bandpass, nm 
Lamp current, mA 

193,7 
1,0 
7 

324,8 
0,5 
3 

248,3 
0,2 
5 

279,5 
0,2 
5 

217,0 
1,0 
5 
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TABLE 4 

Instrumental parameters for the measurement of tin 
by carbon-rod atomization 

Wavelength 224,6 nm 
Spectral bandpass 0,5 nm 
Lamp current 5 mA 
Spraying time 10s 
Drying time 20 s 
Drying temperature 150°C 
Ashing time 50 s 
A filing temperature 800 °C 
Atomization time Is 
Ramp rate 800°C/s 
Atomization temperature 2700 °C 
Scale expansion 2x 

9. CALCULATION 
Plot a calibration curve for the standards and read off the value for the sample, or use a computer 

to calculate the values. 

10. NOTES 
(1) If the concentration of copper, iron, or manganese is expected to be below 20g/l, dilute to 50 ml 

instead of to 100 ml. 
(2) The volume of solution for analysis depends upon the amount of lead present. 
(3) If the specification for arsenic is not met by the use of matched standards, determine arsenic by 

hydride generation and atomic- ^sorption spectrophotometry2. 

11. REFERENCES 
1. VARIAN TECHTRON. Analytical methods for flame spectroscopy. Australia, Varian Techtron, 

1972. 
2. ROBERT, R.V.D., and STEELE, T.W. Atomic-absorption determination, in metal sulphide 

concentrates, of the elements that form gaseous hydride. Johannesburg, National Institute for 
Metallurgy, Report 1838. Aug. 1976. 38 pp. 
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E.2. U, trace elements in 

THE DETERMINATION, BY ATOMIC-ABSORPTION SPECTROPHOTOMETRY, OF TRACE 
ELEMENTS IN AMMONIUM OIURANATE 

LABORATORY METHOD NO. 92/79 

1. OUTLINE 
Ammonium diuranate is dissolved in nitric acid and diluted 10 volume, and the elements are determined 

by flame atomic-absorption spectrophotometry (AAS). 

2. APPLICATION 
The method is applicable to tiie determination of arsenic, calcium, iron, magnesium, manganese, 

molybdenum, sodium, silica, and vanadium in ammonium diuranate precipitate. At the appropriate dilutions, 
only vanadium is subject to significant interference, and must be measured against matched calibration 
standards or have its value adjusted according to its recovery from a spiked solution. 

3. REAGENTS 
(1) Lanthanum Nitrate Solution, lOOg/l 

Dissolve lOg of La(N03>3 in water and dilute to 100ml with triply distilled water. 
(2) Potassium Nitrate Solution, I00g/l 

Dissolve 10g of potassium nitrate in water and dilute to 100 ml with triply distilled water. 
(3) Potassium Biphthalate Solution, 20g/l 

Dissolve 2,0g of KHCgH4C4 in water with gentle heating and dilute to 100ml with triply distilled 
water. 

(4) Aluminium Chloride Solution (Aluminium Wg/l) 
Dissolve 9,0g of AIClj-6H20 in water and dilute to 100ml. 

4. PREPARATION OF THE STANDARDS 
4.1. Stock Solution, 1000rng/l 

Prepare solutions with concentrations of the analyte of lOOOmg/I as described in the Varian Techtron 
manual1. 

4.2. Calibration Standards 
a. Prepare calibration standards by successively diluting the stock solutions (I000mg/l) with 10 per 

cent (v/v) nitric acid to give a range of calibration standards (Table 1). 
b. If desired, prepare the standards for arsenic, iron, manganese, and silica together in one set of flasks, 

and those for molybdenum and vanadium in another set of flasks. 
c. Prepare all the other standards separately (Note 2). 

TABLE 1 

Calibration standards 

Range of concentrations 
Analyte mg/1 Medium 

h . A _ ._| 0 5 10 15 20 10% (v/v) HNOj 
Ca 0 0,25 0,50 0,75 1,0 5% (v/v) HNOj, 1% La(NOj)j 
Fe 0 2 4 6 8 10% (v/v) HNOj 
Mg 0 0,25 0,50 0,75 1,0 5% (v/v) HNO,, 1% KNO, 
Mn 0 1 2 3 4 10% (v/v) HNO, 
Mo 0 1 2 3 4 10% (v/v) HNOj, 0,1% Al 
Na 0 0,25 0,50 0,75 1,0 5% (v/v) HNOj, 0,2% KHQH4O4 
Si 0 10 20 30 40 10% (v/v) HNOj 
V 0 5 10 15 20 10% (v/v) HNOj, 0,1% Al 
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5. PROCEDURE 
a. Transfer 5,0g of sample to a 600ml squat beaker. Add 10ml of triply distilled water and 10ml 

of nitric acid (A.R. grade). Prepare a blank solution with 10ml of nitric acid and proceed as for 
the sample. 

b. Cover the beaker with a watch-glass and heat gently until the sample has dissolved. 
c. Cool, and dilute to 100ml with triply distilled water in standard flasks. Prepare dilutions for 

measurement of the analytes as set out in Table 2. 

TABLE 2 

Dilution of solutions for measurement 

Aliquot 
portion Final vol. 

Analyte ml ml Medium 
As No dilution 10% (v/v) HNOj 
Mn No dilution 10% (v/v) HNOj 
Fe 5 10 10% (v/v) HNOj 
Si 5 10 10% (v/v) HNO3 
Ca 5 25 5% (v/v) HNOj, 1% La(NOj)j 
Mo 8 10 10% (v/v) HNOj, 0,1% Al 
Mg 5 25 5% (v/v) HNOj, 1% KNOj 
Na 5 25 5% (v/v) HNOj, 0,2% KHCH4O4 
V» 5 25 10% (v/v) HNOj, 0,1% Al 

• Nolc 1 

d. Using the instrumental parameters listed in Table 3, measure the absorption of each analyte in turn, 
as well as that of its appropriate calibration standards. 

e. Use an air-acetylene flame to measure sodium, and a nitrous oxide-acetylene flame for all the other 
analytes. 

f. Use simultaneous background correction for arsenic. 
g. For all the analytes, use a scale expansion sufficient to give suitable readings. 

TABLE 3 

Instrumental parameters for the Varian Techtron A475 spectrophotometer 

As Ca Fe Mg Mn Mo Na Si V 
Wavelength, nm 
Spectral bandpass, nm 
Lamp current, mA 

193,7 
1,0 
7 

422,7 
0,5 
3 

248,3 
0,2 
5 

285,2 
0,2 
3 

279,5 
0,2 
5 

313,3 
0,5 

10 

589,0 
0,5 
5 

251,6 
0,2 

15 

318,5 
0,2 

10 

6. Calculation 
Plot a calibration curve for the standard solutions and read off the values for the analyte, or use a 

computer to calculate the values. 

7. NOTES 
(1) Because of possible interference from the matrix, an additional 5 ml aliquot portion of the sample 

must be taken and spiked with vanadium. This solution is measured with the unspiked solution, 
a recovery for the added vanadium is calculated, and the value is corrected. 

(2) In the preparation of both calibration standards, and in the dilution of sample solutions, it is 
necessary for triply distilled water to be used, particularly for calcium, magnesium, and sodium. 

8. REFERENCE 
1. VARIAN TECHTRON. Analytical methods for flame spectroscopy. Australia, Varian Techtron, 

1972. 
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E.2. U, trace elements in 

THE SEPARATION OF URANIUM FROM TRACE ELEMENTS IN AMMONIUM DIURANATE, 
AND THEIR DETERMINATION BY OPTICAL EMISSION SPECTROMETRY WITH 

A PLASMA SOURCE 
LABORATORY METHOD NO. 92/74 

1. OUTLINE 
The uranium in 8,5 M nitric acid solutions of ammonium diuranate is extracted with 30 per cent tri-n-

butyiphosphate (TBP) in carbon tetrachloride. The trace elements are not extracted, and are determined 
in the aqueous phase by emission spectrometry with a plasma source. 

2. APPLICATION 
The procedure has been tested for the separation of uranium, in up to 1 g of ammonium diuranate, 

from traces of copper, arsenic, manganese, calcium, magnesium, iron, sodium, molybdenum, and vanadium. 
Recoveries for the trace elements range from 95 to 108 per cent. The limits of determination for all the 
analytes except arsenic (2,4 p.p.m.) and vanadium (1,5 p.p.m.) are less than 1 p.p.m. The relative standard 
deviations are less than 0,1 per cent. 

3. SEPARATION OF URANIUM 
3.1. Reagent 

TBP in Carbon Tetrachloride, 30 per cent (v/v) 
Add 150 ml of TBP to 350 ml of carbon tetrachloride and mix. Store in a glass bottle. 

3.2. Procedure 
a. Dissolve l,0g of ammonium diuranate in 12ml of nitric acid. Transfer the solution to a 250ml 

separating funnel and dilute to 20 ml with water. 
b. Add 80ml of a solution of 30 per cent TBP in carbon tetrachloride and shake for 30 minutes. Allow 

the phases to separate. Reject the lower, organic phase. 
c. Repeat the extraction with a further 80 ml of 30 per cent TBP in carbon tetrachloride. Reject the 

lower, organic phase. 
d. Add 20ml of carbon tetrachloride and shake for 30 seconds. Allow the phases to separate and reject 

the organic phase. 
e. Transfer the aqueous phase to a 100ml beaker and evaporate to 5ml. 

4. SPECTROMETRIC DETERMINATION OF TRACE ELEMENTS 
4.1. Apparatus 

(1) Hilger Polyvac F.I000 Spectrometer 
With manually controlled electronic system. 

(2) Inductively Coupled Plasma1-1 

With Radyne-Delapena RD 150/H generator. 

4.2. Reagents 
(1) Wtric Acid 

A.R. grade, relative density 1,40. 
(2) Scandium Solution, I g/l 

Dissolve 1,53 g of scandium oxide (of purity not less than 99 per cent) in 200ml of 1:1 nitric acid, 
adding 5 drops of hydrogen peroxide to complete the dissolution. Transfer to a 100ml volumetric 
flask and make up to volume with distilled water. 

()) Johnson Matthey Specpure Chemicals 
Dissolve in the concentrations given in Table 1. 

4.3. Preparation of Calibration Standards 
a. To each of three 200ml volumetric flasks, add 10ml of scandium solution (I g/I) and 40ml of 

concentrated nitric acid. 
b. Add the analytes as given in Table 1, and dilute to volume. 
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TABLE 1 

Calibration standards 

Standard 1 Standard 2 Standard 3 
Vol. Soln Concn Vol. Soln Concn Vol. Soln Concn 

Element _ J l l L _ g/1 m/1 ml g/1 mg/1 ml g/' mg/1 
V 7 1,0 10 4 5,0 100 8 5.0 200 
Cu ' 1,0 5 10 1,0 50 20 1,0 100 
As 1 1,0 5 10 1.0 50 20 1,0 100 
Mn 1 1,0 5 10 1,0 50 20 1,0 100 
Fe 1 1,0 5 10 1.0 50 20 1,0 100 
Mo 1 1,0 5 10 1,0 50 20 1.0 100 
Ca ' 1,0 5 10 1,0 50 20 1.0 100 
Mg * 0,1 1 2 1,0 10 4 L J ' 0 _ 20 

4.4. Preparation of the Samples 
After extracting the uranium (Section 3), transfer the evaporated solution to a 200 mi volumetric flask 

containing 1 ml of scandium solution (1 g/1) and dilute to the mark with distilled water. 

4.5. Instrumental Parameters 
Use the settings on the Hilger measuring console as listed in Table 2. 

TABLE 2 

Settings for the Hilger measuring console 

Spectral line 
Element nm Dynode 

As 193,7 10 
Ca 317,9 7 
Cu 327,4 7 
Fe 259,9 4 
Mg 279,5 6 
Mn 257,6 3 
Mo 287,1 7 
V 311,1 6 

4.6. Operating Parameters 
Use the operating parameters for the Hilger spectrometer and the inductively coupled plasma (ICP) 

system as listed in Table 3. 

4.7. Procedure 
a. Switch on the Radyne-Delapena generator and the radio frequency at least 30 minutes before 

operating the ICP. Place the sign 'Danger RF On' on top of the torch assembly. 
b. Set the Hilger measuring console as indicated in Table 2 for the appropriate set of standards. 
c. Start the 1CP torch, adjusting the parameters as listed in Table 3. 
d. Switch on the extraction fan, and switch the power-supply stabilizer to 'ON' and 'MAINTAIN'. 
e. To stabilize the photomuitipliers, set the measuring console on 'HOLD', and asp.rate a previously 

analysed solution under the conditions listed for the spectrometer in Table 3. Repeat this step ten 
times. 
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TABLE 3 

Operating parameters 

1. Hilger spectrometer 
Integration Scandium 
Preburn 10s 
Integration time on scandium channel 20s ± 1,0s 
Automatic setting Twice the voltage shown on the scandium channel 

(i.e. 3000mV) 
2. ICP system 
Flowrate of plasma gas (argon) 19 I/min (Manometer 17) 
Flowrate of aerosol gas (argon) 2,5 1/min (Manometer 8) 
Flowrate of cooling gas (nitrogen) 50 l/min (Manometer 9) 
Approximate power input HkW (5,2 kV) 
Observation height above coil 16 mm 

f. Switch off the 'HOLD' setting, and aspirate the standards in duplicate. Aspirate distilled water for 
20 seconds after each change of standards. 

g. Aspirate four samples twice each in the same manner as for the standards. 
h. Check the calibration as described in step f, and continue aspiration with a further four samples. 

Repeat this operation until all the samples have been aspirated, and then check the calibration «jain. 
i. Draw calibration curves for each of the elements by plotting the digital-voltmeter readings against 

the concentrations given in Table 1. From the curves, derive the concentrations of the elements in 
the sample solutions, 

j . Convert these values to parts per million in relation to the sample by multiplying by 20 (or by the 
appropriate dilution factor if the sample mass was other than 1 g). 

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

sample simultaneous multi-element analyses with an H.F. plasma torch and direct reading 
spectrometer. Anal. 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 analysis of copper, lead, and zinc 
concentrates. Johannesburg, National Institute for Metallurgy, Report 1815. Apr. 1976. 18 pp. 

29 



ANALYTICAL METHODS 

E.2. Mo, trace elements in 

THE SEPARATION OF MOLYBDENUM FROM TRACE ELEMENTS IN AMMONIUM MOLYBDATE, 
AND THEIR DETERMINATION BY OPTICAL EMISSION SPECTROMETRY WITH A PLASMA 

SOURCE 
LABORATORY METHOD NO. 42/8 

1. OUTLINE 
The molybdenum in dilute sulphuric acid solutions of ammonium molybdate is extracted with 5 per 

cent Alamine 336 in benzene. The trace elements are not extracted, and can be determined in the aqueous 
phase by emission spectrometry with a plasma source. 

2. APPLICATION 
The method makes it possible for molybdenum in ammonium molybdate to be separated from traces 

of copper, lead, tin, arsenic, manganese, iron, and titanium, and for these trace elements to be concentrated 
by evaporation prior to measurement. Recoveries for the trace elements range from 96 to 105 per cent. 
The spectrographic method is not yet applicable to the determination of tin and lead, nor to silver, which 
is co-extracted with the molybdenum. 

3. SEPARATION OF MOLYBDENUM 
3.1. Reagent 

Alamine 336 in Benzene, 5 per cent (v/v) 
Add 5 ml of Alamine 336 and 2 ml of isodecanol to 93 ml of benzene and mix. Store in a glass bottle. 

3.2. Procedure 
a. Dissolve l,0g of ammonium molybdate in 75 ml of water (Note I). Add 2 ml of 1:1 sulphuric acid. 

Transfer the solution to a 250ml separating funnel and dilute to 100ml with water. 
b. Add 20ml of a 5 per cent solution of Alamine 336 in benzene and shake for 10 minutes. Allow 

the phases to separate. 
c. Transfer the lower, aqueous phase to a clean, dry 250 ml separating funnel and repeat the extraction 

with a further 20ml of 5 per cent Alamine 336 in benzene. Reject the organic phases. 
d. Transfer the aqueous phase to a 250ml beaker and evaporate to 5 ml (Note 2). 

4. SPECTROMETRY DETERMINATION OF TRACE ELEMENTS 
4.1. Apparatus 

(1) Hilger Polyvac E1000 Spectrometer 
With manually controlled electronic system. 

(2) Inductively Coupled Plasma11 

With Radyne-Delapena RD 150/H generator. 

4.2. Reagents 
(1) Sulphuric Acid 

A.R. grade, relative density 1,84. 
(2) Scandium Solution, I g/l 

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

(3) Johnson Matthey Specpure Chemicals 
Dissolve in the concentrations set out in Table I. 

4.3. Preparation of Calibration Standards 
a. To each of three 200ml volumetric flasks, add 10ml of scandium solution (1 g/l) and 10ml of 

concentrated sulphuric acid. 
b. Add the elements to be determined from the solutions as given in Table ), and dilute to volume. 

4.4. Preparation of the Samples 
After extracting the molybdenum (Section 3), transfer the evaporated solution to a 20 ml volumetric 

flask containing I ml of scandium solution (I g/l) and dilute to the mark with distilled water. 
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TABLE 1 

Calibration standards 

Element 

Standard 1 Standard 2 Standard 3 

Element 
Vol. 
ml 

Soln 
g/1 

Concn 
mg/l 

Vol. 
ml 

Soln 
g/I 

Concn 
mg/l 

Vol. 
ml 

Soln 
g/I 

Concn 
mg/l 

As 
Cu 
Mn 
Fe 
Ti 

2 
1 
1 
1 
1 

0,1 
0.1 
0.1 
0,1 
0,1 

1 
0,5 
0.5 
0.5 
0,5 

5 
3 
3 
3 
3 

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

25 
15 
15 
15 
15 

10 
6 
6 
6 
6 

1.0 
i.O 
1,0 
1,0 
1.0 

50 
30 
30 
30 
30 

4.5. Instrumental Parameters 
Use the settings on the Hilger measuring console as listed in Table 2. 

1 ABLE 2 

Settings for the Hilger measuring console 

Spectral line 
Element nm Dynode 

As 193,7 10 
Cu 327,4 8 
Fe 259,9 5 
Mn 257,6 4 
Ti 337,3 8 

4.6. Operating Parameters 
Use the operating parameters for the Hilger spectrometer and the inductively coupled plasma (ICP) 

system as listed in Table 3. 

TABLE 3 

Operating parameters 

1. Hilger spectrometer 
Integration Scandium 
Preburn 10s 
Integration time on scandium channel 20s ± 1,0s 
Automatic setting Twice the voltage shown on the scandium channel 

(i.e. 3000mV) 
2. ICP system 
Flowrate of plasma ga;. (argon) 19 l/min (Manometer 17) 
Flowrate of aerosol gas (argon) 2,5 l/min (Manometer 8) 
Flowrate of cooling gas (nitrogen) 50 l/min (Manometer 9) 
Approximate power input llkW (5,2kV) 
Observation height above coil 16mm 

4.7. Procedure 
a. Switch on the Radyne-Delapena generator and the radio frequency at least 30 minutes before 

operating the ICP. Place the sign 'Danger RF On' on top of the torch assembly. 
b. Set the Hilger measuring console as indicated in Table 2 for the appropriate set of standards. 
c. Start the ICP torch, adjusting the parameters as listed in Table 3. 
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d. Switch on the extraction fan, and switch the power-supply stabilizer to 'ON* and 'MAINTAIN'. 
e. To stabilize the photomultipliers, set the measuring console on 'HOLD', and aspirate a previously 

analysed solution under the conditions listed for the spectrometer (Table 3). Repeat this step ten times. 
f. Switch off the 'HOLD' setting, and aspirate 'he standards in duplicate. Aspirate distilled water 

for 20 seconds ifter each change of standards. 
g. Aspirate four samples twice each in the same manner as for the standards. 
h. Check the calibration as described in step f. and continue aspiration with a further four samples. 

Repeat this operation until all the samples have been aspirated, and then check the calibration again. 
i. Draw calibration curves for each of the elements by plotting the digital-voltmeter readings against 

the concentrations given in Table I. From the curves derive the concentrations of the elements in 
the sample solutions. 

j Convert these values to parts per million in relation to the sample by multiplying by 20 (or by the 
appropriate dilution factor if the sample mass was other than I g). 

5. NOTES 
(1) Do not warm the solution. As long as the solution is swirled occasionally, the ammonium molybdate 

will dissolve if left to stand. Add the acid after dissolution in water. 
(2) The volume of solution for analysis depends on the amount of trace elements present. 

6 REFERENCES 
1. GREENFIELD, S.. JONES, I.J., McGEACHlN. H. McD., and SMITH, P.B. Automatic multi-

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

2. WATSON, A.E.. RUSSELL, CM. , BALAES, G., and STEELE, T.W. The commissioning of 
an induction-coupled plasma system and its application to the analysis of copper, lead, and zinc 
concentrates. Johannesburg, National Institute for Metallurgy, Report 1815. Apr. 1976. 18 pp 
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E.2. C, trace «tenwnts in 
E.1. U 

E.1. As 
E.1. Mo 

E.1. V 

THE DETERMINATION, BY X-RAY-FLUORESCENCE SPECTROMETRY, OF U 30„ VANADIUM, 
MOLYBDENUM, AND ARSENIC IN ORGANIC SOLVENTS 

LABORATORY METHOD NO. 6/30 

1. OUTLINE 
Trace and minor amounts of UjO», molybdenum, arsenic, and vanadium in organic solvents are 

determined by X-ray-fluorescence spectrometry, background correction and calibration by the matched-
standards technique being used for the correction of matrix effects. 

2. APPLICATION 
The method is applicable to loaded solvents composed of 93 per cent (v/v) kerosene, 5 per cent Alamine 

336, and 2 per cent decanol. The limits of detection for UjO», molybdenum, arsenic, and vanadium are 
5, 2, 2, and 3 p.p.m. respectively. The limits of determination are three times higher than these values. 

The relative standard deviations for these determinations are 0,008 for UjO», 0,005 for molybdenum, 
0,09 for arsenic, and 0,14 for vanadium. Since matched standards are used and the calibration curves have 
high correlation coefficients (greater than 0,9995), the accuracy of the method should be satisfactory. No 
check could be carried out since no reference materials or alternative methods were available. 

3. APPARATUS 
(1) Philips X-ray Spectrometer PW 1220 
(2) Herzog Press 
(3) Siebtechnik Vibratory Mitt 
(4) Liquid Cells with Mylar Film 

4. REAGENTS 
(1) Uranium Oxide (UsO,), Molybdic Acid, Vanadium Pentoxide, and Arsenic Oxide 

A.R. grade. 
(2) Alamine 336 
(3) Kerosene 
(4) Isodecanol 

5. PREPARATION OF SYNTHETIC KEROSENE-ALAMINE STANDARD 
5.1. Preparation of Aqueous Solution for Extraction 

a. Dissolve 0,9969 of UiOs in 20ml of 1:1 nitric acid, and dilute to 100ml with distilled water. 
b. Dissolve 1,8203g of molybdic acid (55,05 per cent molybdenum) in 100ml of distilled water. 
c. Dissolve 0,5905 g of vanadium pentoxide in 5 ml of concentrated sulphuric acid and dilute to 100 ml. 
d. Dissolve 0,3360 g of arsenic trioxide in potassium hydroxide, acidify to 6 M hydrochloric acid, and 

dilute to 100ml. 

5.2. Extraction of Aqueous Solutions with Organic Phase 
a. Use an organic solvent consisting of Alamine 336 (5 per cent), isodecanol (2 per cent), and kerosene 

(93 per cent). 
b. Extract each aqueous solution four times with 50 ml of organic solvent, and make up the combined 

extracts to 1000ml. 
c. Analyse the combined aqueous phase for UiOg, arsenic, vanadium, and molybdenum. 
d. Calculate the concentration of the elements in the organic phase. 

5.3. Preparation of Calibration Standards 
a. Dilute 40, 20, 15, and 6ml aliquot portions of organic standard to 100ml with barren solvent. 

Table 1 gives the composition of the standards before the amounts not extracted but retained in 
the aqueous phase were corrected for. 

n 



ANALYTICAL METHODS 

TABLE 1 

Theoretical composition of the standards 

u,os Vanadium Arsenic 
p.p.m. p.p.m. p.p.m. 

1 1000 330 250 
2 400 132 100 
3 200 66 50 
4 150 49,5 37.5 
5 60 20 15 

6. INSTRUMENTS AND INSTRUMENTAL PARAMETERS 

Use the instruments and instrumental parameters listed in Table 2. 

TABLE 2 

Instruments and instrumental parameters for uranium, molybdenum, arsenic, and vanadium 

Element U Mo As V 
Spectrometer Philips PW1220* Philips PW 1220* Philips PW 1220* Philips PW 1220* 
Tube Mo target Au target Au 'arget Cr target 
Voltage 60kV 60 kV 60 kV 60kV 
Current 40 mA 40 mA 40 mA 40 mA 
Bragg crystal LiF (220)-cut Lif <220)-cut LiF (220)-cut LiF (lOO)-cut 
Collimator 160/xm 160/xm 160/xm 160/xm 
Window 5,00 5,00 5.00 5,00 
Lower level 2,50 2.50 2,50 2,50 
Analytical angle 37.31° 26 28,92° 26 48,83° 26 76,94° 26 
Interference angle 37,45° 20 37.31° 16 40,36° 10 -f 
Background angle 35,00° 26 35.00° 26 35,00° 26 74,00° 26 
Counting time 40s 40 s 40 s 40s 
Detector SC SC SC SC 

• With automatic control 
+ Ti K/i interferes with the V Knr line; if titanium is present, a correction factor. K, must he determined 
S( Scintillation counter 

7. INTERFERING ELEMENTS 
a. If the origin of the sample is not known and reliable estimates are not available, scan the sample 

and identify the interfering elements as described in the following steps. 
b. Set the discriminator to include the full energy range of the required determinations, being sure 

to incorporate the Compton scauer peak for molybdenum, the energy of suspected interfering 
elements, and possible background positions. 

c. Identify the X-ray peaks and consult Table 3 to see whether any of the peaks will interfere with 
the analysis. 

d. Correct for interference using the following equation: 

M = * • /« , (1) 

where A/ is the increase in counts per seconc' " ?1 goniometer angle of a background line, 
analytical line, or the Compton peak c interfering elements, 

/«I is the net intensity in counts per second tor the interfering peak or a peak related to 
the interfering peak, and 

A- is a constant, also known as the lift factor. 
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e. Determine k in equation (1) by measuring the increase in the net intensity at the analytical line caused 
by the interfering eiement and the net intensity of the interfering dement (e.g. where the matrix 
consists of alumina, silica, or cellulose). 

f. Consult Table 4 to ascertain the lift factors for interferences from rubiúm.n. uranium, and lead 
on uranium, molybdenum, and arsenic respectively. 

g. If necessary, update the computer programme to incorporate the correction for the interfering 
element. 

TABLE 3 

Interfering elements 

Interfering Bragg Where interferences (A/) 
element Line crystal 20 angle R.I. would be apparent 
Br L02 LiF (220)-cut 37,71 2 U La 
Bi L05 LiF (220)-cut 37,93 1 U La 
Rb Ka LiF (220)-cut 37,95 100 U La 
Br K0i*j LiF (220)-cut 38,25 24 U La 
U L0j LiF (220)-cut 28,87 30 MoKa 
U L/3, LiF (220)-cut 29,29 80 MoKa 
Pb Ka LiF (200)-cut 48,73 100 AsKa 
Ti K0, , j LiF(100Kut 77,24 22 V Ka 

R.I. = Relative intensity 

TABLE 4 

Lift factors for interferences from rubidium, 
uranium, and lead on uranium, molybdenum, 

and arsenic respectively 

Element 
determined 

Interfering 
element 

Lift 
factor (k) 

U 
Mo 
As 

Rb 
U 
Pb 

0,007 
0,0502 
0,2686 

8. CALIBRATION OF ORGANIC STANDARDS 
a. Using the instruments and instrumental parameters listed in Table 2, load 7 ml of a blank organic 

solvent and the standards into cells, and measure the appropriate peak and background intensities. 
b. Calculate the background factor (F) for each element by using the equation 

F = P 
B' 

where P is the intensity at the analytical peak position, and 
B is the intensity at the background position. 

c. Calculate the ratio [(net peak — spectral overlap Iift)/(background under analytical peak)] by using 
the equation 

R, = (fi - FB) - Ik 
FB 
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where Rt is the ratio of the intensity function of the analyte, 
Pi is the intensity at the analytical line, 
B is the background intensity, 
F is the background factor, 
/ is the net intensity of the interference that overlaps the analyte peak, and 
it is the lift factor for the spectral overlap. 

d. Fiot R, versus the concentration of each element. 

9. MEASUREMENT OF ORGANIC SOLVENT 
a. Load 7 ml of sample solution into cells with Mylar windows, and measure the peak and background 

intensities at the 20 angles gi.cn in Table 2. 
b. If the element found is outside the calibration range, dilute the sample solution with barren solvent 

and read again. From the calibration curve or by use of a computer, calculate the concentration 
of each element in the solution analysed. 

Element, p.p.m. = (R,-d)/Mx, 

where Mx is the slope of the calibration curve, 
R, is the ratio [(P-FB) -Ik]/FB, and 
C, is the intercept of the calibration curve on the y-a\\s. 

If the sample is diluted, 

element, p.p.m. = [{R, - Ct)/Mx\ x D, 

where D is the dilution factor. 
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THE ANALYSIS, BY A FUSION PROCEDURE AND X-RAY-FLUORESCENCE SPECTROMETRY, OF 
SILICATES AND SLAGS 

ABCRATORY METHOD NO. 0/20 

1. OUTLINE 
This procedure1 is the routine procedure used at the Council for Mineral Technology (Mintek) for 

the analysis of silicates. The sample is diluted 6 to 7 times with flux, the mixture is fused in a platinum-gold 
crucible, and a glass disc is formed in a platinum-gold mould. The sample discs are measured with a set 
of monitor discs containing only the oxides of the analytes and flux. The ratio of the net peak of the analyte 
line in the mixture of the sample and flux to the net peak of its corresponding monitor containing a mixture 
of only the analyte and flux is calculated and corrected for dead time and instrumental drift. The 
concentrations of the analytes are calculated by use of the Lachange-Traill equation, and the simultaneous 
equations are solved by an iterative procedure with a minicomputer. 

An X-ray tube with a chromium anode is used, which has a titanium filter (or mask) to filter out the 
chromium radiation when chromium or manganese is measured. The Ka lines of the following elements 
are measured: magnesium, aluminium, silicon, phosphorus, potassium, calcium, titanium, chromium, 
manganese, iron, and zirconium. 

2. APPLICATION 
The method is applicable to slags, silicate materials, and ores containing (as major or minor constituents) 

the following elements, which are listed in order of increasing atomic number: magnesium, aluminium, 
silicon, phosphorus, potassium, calcium, titanium, ch jmium, manganese, iron, and zirconium. The method 
is not applicable to chromite ores, which do not dissolve completely in the flux; as a result, much dilution 
is required, which has an adverse effect on the precision and accuracy attainable. Samples rich in iron and 
manganese are best analysed when diluted with silica. 

The lower limits of determination of the method are about 0,2 per cent and 0,5 to 0,7 per cent for 
elements of high and low atomic numbers respectively. The expected precision of Determination at the 50 
ptr cent concentration level has a relative standard deviation of 0,002 and 0,005. As the concentration 
cer eases, the relative standard deviation increases in such a way that, at a concentration of 1 to 5 per 
ct t, it can be as high as or greater than 0,05 for the elements of low atomic number. 

3. REFERENCE 
1. JACOBS, J.J., and BALAES, A.M.E. The analysis, by a fusion procedure using X-ray-

fluorescence spectrometry, of silicates and slags. Randburg, National Institute for Metallurgy, Report 
2084. Dec. 1980. 18 pp. 
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