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SYNOPSIS 

An investigation was undertaken on the development of fast, simple, and accurate methods of analysis 
for lead and zinc in tailings and middlings from dolomite, and for lead, zinc, and magnesium in concentrates 
obtained from dolomite. A pressed-powder technique and X-ray-fluorescence spectrometry (XRFS) were 
used. 

Good agreement was found between the XRFS values for lead and zinc in low concentrations and 
the values obtained by other techniques of analysis when the calibration for the XRFS method was effected 
by the use of synthetic standards comprising lead and zinc oxides in a dolomite matrix. For high 
concentrations of the analytes, all the oxides and sulphides of lead and zinc in the samples had to be converted 
to the sulphate form, and a matrix correction had to be applied to the assigned values of the oxide calibration 
standards. 

The lower limits of detection for lead, zinc, and magnesium were 0,004, 0,003, and 0,18 per cent 
respectively. 

The recommended methods are detailed in two appendices. 

SAMEVATTING 

Daar is 'n ondersoek ingestel om vinnige, eenvoudige en akkurate ontledingsmetodes te ontwikkel vir 
lood en sink in die uitskot en middelskot van dolomiet, en vir lood, sink en magnesium in konsentrate 
wat van dolomiet verkry is. 'n Geperstepoeier-tegniek en X-straalfluoressensiespektrometrie (XRFS) is 
gebruik. 

Daar was 'n goeie ooreenkoms tussen die XRFS-waardes vir lood en sink in lae konsentrasies en die 
waardes wat met ander ontledingstegnieke verkry is toe die XRFS-metode gekalibreer is deur die gebruik 
van sintTtiese standaarde bestaande uit lood- en sinkoksied in 'n dolomietmatriks. Vir hoë konsentrasies 
van die analiete moes al die lood- en sinkoksied en -sulfied in die sulfaatvorm omgesit word, en 'n 
matrikskorreksie aan die toegekende waardes van die oksiedkalibrasiestandaarde aangebring word. 

Die laagste opspoorgrense vir lood, sink en magnesium was onderskeidelik 0,004,0,003 en 0,18 persent. 
Die aanbevole metodes word in twee aanhangsels uiteengesit. 
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1. INTRODUCTION 
A fast, simple, and accurate method was needed at the Council for Mineral Technology (Mintek) for 

the determination of zinc and lead in dolomite and in flotation tailings and middlings, and of zinc, lead, 
and magnesium in lead and zinc concentrates obtained from dolomite; the customary wet-chemical methods 
used are time-con uming. A pressed-powder technique with X-ray-fluorescence spectrometry (XRFS) was 
chosen because little time was available and the XRFS method is easily performed. 

A typical South African dolomite has the following composition1: 

CaCOj 50 to 54 per cent 
MgCOj 40 to 45 per cent 
SÍO2 0,1 to 0,5 per cent 
Fe 2 0 3 0,1 to 10 per cent. 

Dolomite tailings and middlings usually contain lead and zinc in concentrations of up to 6000 pg/g, although 
in exceptional circumstances these concentrations can approach 10 000pg/g. For flotation concentrates, 
the analyses required include that for magnesium because magnesium-bearing minerals tend to float with 
the zinc minerals2. Lead and zinc in the concentrates are in concentrations of 50 to 70 per cent, and a smaller 
percentage of magnesium is present. 

This report describes an investigation in which procedures were developed for the determination of 
these three elements in low and high concentrations. The recommended procedures are given in Appendices 
I and II, and printouts of the four computer programmes used are available on request from Mintek. 

2. EXPERIMENTAL METHOD 
The spectral lines with the strongest intensities for each element, namely the Zn Koc, Pb La, and Mg 

Ka lines, were considered to be the most suitable because there are very few interferences due to the 
overlapping of spectral lines from the other elements present in dolomite. Table 1 shows spectral interferences 
that arise near the analytical spectral lines. Of these potential sources of interference, the Rh Ka spectral 
line is that most likely to be of significance in relation to the determination of lead. 

TABLE 1 

Potential overlap of the spectral lines 

Analyte 
spectral 

line 
Analysing 

crystal 

2* angle 
for analyte 

line 

r 
Interfering 

line Order Intensity 

29 angle for 
interfering 

line 

Zn Ka LiF(220) 60,58° PbLa 
Cu KA.j 

1 3 
20 

56.59° 
58,53° 

PbLa LiF(220) 48,73° RhK/3, 
RhKft 
RhKa 

2 
2 
2 

16 
8 

150 

45,06° 
45,11° 
51,15° 

MgKa ADP(IOI) 136,72° Rh Li) 2 1 135,38° 

In Table 2, the absorption edges of elements normally found in dolomite are shown. 

TABLE 2 

Absorption edges near the analytical spectral lines 

29 angle of 
Spectral 29 angle for Absorption absorption 

line Crystal analyte edge edge 

ZnKa LiF(220) 60,58° Cu AK 
Ni AK 

57,97° 
62,99° 

PbLa LiF(220) 48,73° As AK 43.05° 
MgKa ADP(IOI) 136,72° No absorp

tion edges 

I 



DETERMINATION OF LEAD, ZINC, AND MAGNESIUM 

The spectral lines and background positions were selected from Tables 1 and 2, and are shown in Table 
3, together with the instrumental parameters. 

TABLE 3 

Instrumental parameters 

Common parameters: 
Anode Rhodium 
Voltage 60 kV 
Current 40mA 
Discrimination 100% 
High-range radiation path Vacuum 
Counting times for low and high concentrations 40 s 

Radiation path (low range) 
Zn Pb Mg 

Radiation path (low range) Air Air -
Bragg crystal LiF(220) LiF(220) ADP(IOl) 
Analytical spectral line ZnKa PbLa MgKa 
Background anflc 59.00* 20 (62,00** 21) 50,500° 2* 133,00* 20 
Angle of analytical spectral line 60.38* 20 4S.73* 20 136,72* 20 

* Thr extra background readini it required M this 2# ancle only during the detenninaiion of the background 
ratio for the Zn Ka peak 

A Siemens model SRS200 X-ray-fluorescence spectrometer was used with these instrumental parameters. 

2.1. Reagents 
Synthetic dolomite was prepared for use as a diluent: the following reagent-grade chemicals in the 

proportions given were mixed for 1 h in a round plastic bottle on a set of rollers: 

CaCOj 54,0% 
MgCO) 44,5*7. 
SiOi 0,5*7. 
Fe 2 0 3 1,0*7». 

Zinc, lead, and magnesium oxides for use in the stock mixtures needed for the investigation were dried, 
and were stored in a desiccator until required for use. The stock mixtures consisted of 1 per cent zinc and 
1 per cent lead in synthetic dolomite, and 10 per cent zinc, 10 per cent lead, and 10 per cent magnesium 
in a matrix of calcium carbonate. 

2.2. Preparation of Discs 
In the pressed-powder technique, the sample is milled with a binder and a disc is pressed for analysis. 

In the present work, oxide of the analyte element was mixed with diluent (synthetic dolomite for low 
concentrations of zinc and lead, or pure calcium carbonate for high concentrations of zinc, lead, and 
magnesium) and l,000g of binder, giving a total mau of lOg (Table II-l). The mixture was then pulverized 
in a Siebtechnik mill, and a disc 40mm in diameter was prepared. 

2.3. Preparation of Calibration Standards 
Calibration standa ds for samples containing low concentrations of lead and zinc were prepared by 

the weighing out of stock reagent, diluent, and binder as shown in Table 4. The concentrations of zinc 
and lead were calculated according to equation (1). 

„ . .. , . . . . Mass of 1*7» reagent stock x 10 000 
Concentration of zinc or lead, « g / g - = = E : 

Total mass of components 

0) 

2 



DETERMINATION OF LEAD, ZINC. AND MAGNESIUM 

TABLE 4 
Calibration standards for samples 

containing low concentrations of zinc 
and lead as individual analytes 
Condition: 
Mass of binder l.OOOg 

1% Synthetic Zinc 
reagent stock dolomite* or lead 

g 1 Ml/« 
1,000 8,000 1000 
2,000 7,000 2000 
3,000 6,000 3000 
4,000 3,000 4000 
5,000 4,000 5000 
6,000 3.000 6000 

Nil 9,000t Nil 

* Diluent 
t Several discs should be prepared for 

this calibration standard 

The interelement effects were evaluated from the results for a set of mixed zinc and lead calibration 
standards that had been prepared as shown in Table 5. 

TABLE 5 
Calibration standards for samples 

containing low concentrations of zinc 
and lead as mixed analytes 

Conditions: 
Mass of binder l.OOOg 
Mass of synthetic dolomite 2,000 g 

\*!* IVt 
zinc standard lead standard Zinc lead 

g g M l / I ftg/g 

1,000 6,000 1000 6000 
2,000 5,000 2000 5000 
3,000 4,000 3000 4000 
4,000 3,000 4000 3000 
5,000 2,000 5000 2000 
6,000 1,000 6000 1000 

For samples containing high concentrations of lead, zinc, and magnesium, the masses of stock reagents, 
diluent, and binder were weighed out as shown in Table 6. 

TABLE 6 
Calibration standards for samples 

containing high concentrations of zinc, 
lead, and magnesium as individual 

analytes 
Condition: Mass of binder 1,000g 

10% Zn, Pb, or Mg 
reagent stock CaCOj % 

1,000 8,000 1,000 
2,000 7,000 2,000 
3,000 6,000 3,000 
4,000 5,000 4,000 
5,000 4,000 5,000 
6,000 3,000 6,000 
7,000 2,000 7,000 
8,000 1,000 8,000 

3 
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Several blank discs were prepared so that the concentrations of each element could be determined 
accurately. 

A series of mixed zinc, lead, and magnesium standards were then prepared (Table 7), and Finally a 
set of binary standards (each containing only two of the analytes) was mixed as shown in Table 8 so that 
the interelement effects could be evaluated. 

TABLE 7 

Calibration standards for samples containing high 
concentrations of zinc, lead, and magnesium as 

mixed analytes 

Condition: Mass of binder l.OOOg 
10% 10« 10% 
zinc lead magnesium 

standard standard standard Zinc Lead Magnesium 
( C ( % % % 

6.000 1,000 2.000 6,000 1.000 2,000 
4,000 2,000 3.000 4,000 2.000 3,000 
2.000 3,000 4,000 2,000 3,000 4,000 
1,000 5,000 3,00b 1,000 5,000 3,000 
2,000 6,000 1,000 2.000 6,000 1,000 
3,000 1.000 5,000 3,000 1,000 5,000 
3,000 4.000 2.000 3,000 4,000 2,000 
5,000 1,000 3,000 5,000 1,000 3,000 

TABLE 8 

Binary standards for the evaluation of interelement 
effects at high concentrations 

Condition: Mass of binder l,00g 

Designation 
of disc 

10% 
zinc 

8 

10% 
lead 

8 

10% 
magnesium 

8 

Interelement 
correction 

facors 

Zn 1 Pb 8 
Zn 2 Pb 7 
Zn 3 Pb 6 
Zn 5 Pb 4 
Zn 7 Pb 2 

1,0 
2.0 
3,0 
5,0 
7,0 

8,0 
7,0 
6,0 
4,0 
2,0 

Nil 
Nil 
Nil 
Nil 
Nil 

Kz*.n and 
Km» 

Zn 1 Mg 8 
Zn 2 Mg 7 
Zn 3 Mg 6 
Zn 5 Mg 4 
Zn 7 Mg 2 

1,0 
2,0 
3,0 
5,0 
7,0 

Nil 
Nil 
Nil 
Nil 
Nil 

8,0 
7,0 
6,0 
4,0 
2,0 

* M | : Z I I 

Pb 1 Mg 8 
Pb 2 Mg 7 
Pb 3 Mg 6 
Pb5Mg4 
Pb 7 Mg 2 
Pb 7 Mg 2 

Nil 
Nil 
Nil 
Nil 
Nil 
Nil 

1.0 
2,0 
3,0 
5,0 
7,0 
7,0 

8,0 
7,0 
6,0 
4,0 
2,0 
2,0 

Knsii and 

2.4. Determination of the Background Factors for Zinc, Lead, and Magnesium 
The intensities at the background and analyte 20 positions were measured for the blank discs prepared 

as shown in Table 4. For zinc, an extra background reading was required at 62,00° 20 since there was an 
appreciable value for zinc caused by the instrument itself. 

For magnesium and lead, the background factor, /„ is given by 

4 



DETERMINATION OF LEAD, ZINC. AND MAGNESIUM 

/ i = 
Intensity at the analyte 20 angle 
Intensity at background 20 angle 

The background factor for the Zn Ka spectral line, / z n , was calculated from equation (3): 

(2) 

A- = 0,47333 x Intensity at 59° 20+0,52666 x Intensity at 62" 2» 
Intensity at 59° 20 

The values that were determined are given in Table 9. 

TABLE 9 

Background factors for analytes of 
low and high concentration 

(3) 

Concentration 
in analyte Pb Zn Mg 

Low 
High 

1,1532 
1,1674 

0,9217 
09173 0,9273 

2.5. Determination of Background Lift and Interelement Correction Factors 
The background lift for each analyte in the low calibration range3 was calculated from measurements 

taken on the discs shown in Table 4. The measurements on the discs prepared as shown in Table 6 gave 
the background lift for the calibration standards of high concentration. The background-lift factors are 
given in Table 10. 

TABLE 11 

Background-lift factors 

Analyte 
Concentration range 

Analyte Low High 
Pb 
Zn 
Mg 

1,988x10-' 
1,696x10"' 

2,238x10"' 
1.659xiO"' 

Nil 

The measurements on the calibration standards listed in Tables 5 and 8 indicated the interelement 
correction factors for the analytes of low and high concentrations respectively4. These factors, which are 
given in Table 11, are small, but have a significant effect on the corrected intensities when the analytes 
are present in high concentrations. 

TABLE 11 

Factors for matrix correction 

Concentration 
range 

Analyte 
element Pb Zn Mg 

Low Pfc 
Zn 3,501x10"' 

6,816x10"' -

High Pb 
Zn 
Mg 

3,235x10'' 
2,000x10* 

7,098x10"' 

1,328x10-' 

-9,522x10"' 
-7 ,247xp- ' 
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2.6. Calibration 
The calibration differed depending on the concentration of the analytes. 

2.6.1. Lead and Zinc in Low Concentrations 
The calibration discs prepared as shown in Table 5 were measured by use of the instrumental conditions 

given in Table 3. 
The concentration of zinc showed a linear relationship with intensity, and is given by the equation 

[Zn) = ( / z p C7°U\+KZn „„•/„,), (4) 

where [Zn] is the zinc concentration in the disc, 
/zn is the net intensity of the Zn K spectral line, 
/pb is the net intensity of the Pb La spectral line, 
CZD is the intercept of the zinc calibration, 
mzn is the slope of the zinc calibration, and 
Azn pb is the correction for interelement effects of Pb on Zn Ka. 

The regression equation and the calibration constants for the above equation were calculated by use 
of the programme LINMAT. The format used for the entering of data consisted of the net peak of Zn 
Ka, the zinc value in the standard, and the net peak of Pb La. 

The relationship between the lead concentration and the net peak intensity was non-linear and was 
best fitted by a quadratic equation, i.e. 

[Pb] = (a-/pb + &-/pb + c ) - ( l + t f p b z»/z„) , (5) 

where [Pb] is the concentration of lead in the disc, 
a is the 2nd degree coefficient of the calibration, 
b is the 1st degree coefficient of the calibration, 
c is the constant term of the calibration, and 
Xn zn is the interdement correction of zinc on Pb La. 

The programme PARMATY was used to give the calibration constants for lead, the format for the 
entering of data being the net intensity for Pb La, the Pb value for the standard, and the net peak intensity 
for Zn Ka. 

2.6.2. Lead, Zinc, and Magnesium in High Concentrations 
From the constants given in equations (10), (11), and (12) (31,924, 54,767, and 2192,454 respectively), 

it is evident that calcium carbonate is a heavy absorber of the Mg Ka radiation (a large value for the constant) 
and acts as a less-efficient heavy absorber of the Zn Ka and Pb La radiations. A linear-regression equation 
for the calibration was therefore predicted for magnesium, and this was borne out experimentally. The 
calibration graph for zinc showed curvature because calcium carbonate is a less-efficient heavy absorber 
of the Zn Ka radiation. A second-degree equation described the calibration successfully in the range 1 to 
8 per cent zinc. For the Pb La radiation, calcium carbonate is less of a heavy absorbei than for the Zn 
Ka radiation. It was found that a third-order equation described the lead calibration more satisfactorily 
than did a second-order equation. 

The relationships between the concentrations and net peak intensities for lead, zinc, and magnesium 
were best described by the following equations: 

IPy =a l/pb + b 1/p b + cj/pb + d (6) 
l+A'pt ZiT/zn + Api M | / M | 

where AVb M ( is the correction for the matrix effects of zinc and magnesium on the Pb La spectral line, 
ai, bi, ci, and di are calibration constants for Pb, and 
In, h.n and /M» are the net intensities of the Pb La, Zn Ka, and Mg Ka spectral lines respectively. 

6 
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For the zinc calibration the model was 

IZnl 
1+^Zn Pb"'l>b + Azn M | ' / M * 

= a2/zn + b 2 /zn + C2, (7) 

where Km M» is the correction for the matrix effects of Pb and Mg en the 7n Ka spectral Mne, and 
a2, b 2 , and c 2 are he calibration constants for trx " Ka spectral line. 

For the magnesium calibration, the model was 

[Mg] (iMt-k) 
1 + K M » rb'/pb + A'Mi Zn'/Zn 

(8) 
m 

where [Mg] is the concentration of magnesium in the disc, 
A"MI pb and K^t <,„ ate respectively the matrix corrections for Pb and Zn on the Mg Ka spectral line, 
m is the slope of the Mg Ka line, and 
k is the intercept of the calibration constant for the Mg Ka line. 

From the measurements of the calibration standards (discs shown in Table 6), programme 
HDOLZNPBMG was used to calculate the net peak intensities for the Pb La, Zn Ka, and Mg Ka spectral 
lines by use of fictitious calibration values of 1. The actual calibration constants were evaluated for each 
element by use of the following programmes: 

NORMATPB for the lead calibration 
NORMATZN for the zinc calibration 
NORMATMG for the magnesium calibration. 

The computer programmes used in this study are available from Mintek on request. 

2.6.3. Calibration Constants 
The sensitivities for the various calibration models are defined in Table 12. 

TABLE 12 

Definition of the sensitivities for various calibration models 

Calibration funclion Linear* Parabolic* Cubic* 
Functional relationship 

(d/) 
Sensitivity function, —— 

<d£) 

£ = ( / - c ) / m £ = a / 2 + b/ + k 

1 

£ = a/' + b/ 2 + c/+k 

1 

Functional relationship 

(d/) 
Sensitivity function, —— 

<d£) 2a + b 3a/ 2 + 2b/+c 

Concentratior. to which 
applicable 

High Mg 
Low Zn 

Low Pb 
High Zn 

High Pb 

* / is the net intensity of the analyte spectral line, count/s 
£ is the concentration of the analyte in the disc, pg/g or 1* 
m, a, b, c, and k are calibration constants 

Typical values for the calibration constants are shown in Table 13. 

The lower levels of detection at the 95 per cent confidence limi' fcr the various calibration models 
are depicted in Table 14. 

7 
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TABLE 13 

Typical calibration coefficients 

Analyte Coefficient Low High 

Pb Constant 
1st degree 
2nd degree 
3rd degree 

-18,843 
0.8505 

4,509x10"* 
Nil 

1.3068x10-' 
1,2254x10-* 
5,4628 x 10 - " 
7.1095x10-" 

Zn Constant 
1st degree 
2nd degree 

-11,19 
1,2173 

Nil 

2.2306X10"2 

1,2306x10* 
3.3393x 10" l 0 

M* Constant 
1st degree _ 

2.6 
120.2 

TABLE 14 

Calculation of the limits of detection for various calibration models 

Model Linear* Parabolic* Cubic* 

Calibration function 

Function of the lower 
level of detection 

E=m/+c £ = a / 2 + b/+c 

<2a/cB + b ) - 2 j 2 ^ 

E=a/ 3 + b/' + c/ + k 

(3a*i + 2b«B + c)-2^2- /£? 

* /?B is the intensity of the background under the spectral line of the analyte, count/s 
T is the counting time, s 

The lower levels of detection for analytes in low and high concentrations are given in Table 15. 

TABLE 15 

Lower levels of detection and determination 

Lower level of detection 
Lower level of determination 

Low concentration High concentration 

Lower level of detection 
Lower level of determination 

Pb 
Aig/g 

Zn 
f«g/g 

Pb 
•7. 

Zn 
It 

Mg 

Lower level of detection 
Lower level of determination 

5 
15 

4 
1 2 

7x10 * 
2 ,1x10"' 

5 x 1 0 * 
1 ,5x10 ' ' 

2 x 1 0 ' 
6 x 1 0 ' 

3. MATRIX EFFECTS ARISING FROM VARIABLE COMPOSITION 
Preliminary results fcr the samples containing high concentrations of lead and zinc showed significant 

deviations from those obtained by emission spectroscopy with inductively coupled plasma (ICP). 
On further consideration, it was noted that the concentrates received for analysis at Mintek can consist 

of a mixture of oxides and sulphides, with some sulphates and carbonates of lead and zinc mixed with 
some chromite. These variations in composition resulted in variations in the mass absorption of the sample. 
The following equations relating 'o variations in mass absorption with varying composition were deduced 
from available mass-absorption tables' for the sample containing mixiures of calcium carbonate with oxides, 
sulphides, or carbonates of the different elenv >(s: 

8 
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lino = 1.0017*+ 31,924 

MPbs =1,0431*+ 31,924 

/ifbso4 = 0,9488*+ 31,924 

(10) 

Mz»o =54,767-0,2354* 

Mz»s =54,767-0,0391* } 0 0 

/iz»so4 = 54,767-0,5468* 

/*M,CO, = 2192,454 - 24,3672* 

Í*M,S =2192,454-34,3338* 

MM,SO4 = 2192,454 - 31,3343* 

(12) 

where * is the concentration of the analyte in the disc, expressed as a percentage, and 
Mmbscripi is the mass absorption for the element at the specific wavelength of the analyte line. 

An examination of equations (10), (11), and (12) shows that the mass absorption for the Pb La and 
Zn Ko radiation varied appreciably in the range 1 to 8 per cent for the analyte in its various forms in a 
calcium carbonate matrix, whereas the mass absorption was nearly constant in the range 1 to 8 per cent 
magnesium owing to the high constant factors in the equations. The lead and zinc compounds in the 
concentrates had therefore to be converted to one species only. Oxidation of the sulphides by air was slow 
and gave a mixture of the metal oxides and sulphate6; it was therefore undesirable as is evident from equation 
(13): 

pMeS + 902-/-Me02+jMeS04 + rS02 (13) 

where Me represents lead or zinc, and 
p, q, r, s, and I are the number of molecules. 

The curve for the thermal analysis of zinc sulphide is shown in Figure 1. 
The oxidation of the sulphide could be expedited by careful heating together of the sample and 

ammonium nitrate in a silica dish. The ammonium sulphate was also treated in this way so that all the 
resultant products would be in sulphate form. A mixture consisting of 2g of ammonium nitrate and 2g 
of ammonium sulphate was found to be adequate to react with 1 g of concentrate and convert all the metal 
oxides and sulphides to the sulphate form. The excess ammonium salt can be decomposed at a temperature7 

of less than 280 °C in a muffle furnace. The thermo-analytical curves for lead sulphate are given in Figure 
2, and for zinc sulphate in Figure 3. 

The thermogravimetric curve showed a horizontal portion in the region 200 to 700 °C for zinc sulphate 
and lead sulphate. At temperatures higher than 700 °C, the sulphates decomposed. A temperature in the 
middle of the plateau of the thermogravimetric curves for lead sulphate and zinc sulphate was selected, 
viz 500 °C, at which the excess ammonium salts would decompose and the lead and zinc would be converted 
to anhydrous sulphates. Discs of the samples were analysed again after they had been treated with ammonium 
nitrate and ammonium sulphate prior to the addition of binder and calcium carbonate. 

The values assigned to the standards made up of oxides or carbonates were adjusted to that of a matrix 
consisting of sulphate and calcium carbonate as follows: 

£so, = £ o X ^ (14) 
Mo 
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DTA = Differential thermal analysis 
TGA = Thermogravimetric analysis 
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FIGURE 1. Thermo-analytical curves for zinc sulphide 

where £so« is the concentration of the element in sulphate form in calcium carbonate, 
£o is the concentration of the element in oxide form in calcium carbonate, 
pso4 is the mass absorption at the analyte wavelength for a matrix of sulphate and calcium 

carbonate, and 
/to is the mass absorption at the analyte wavelength for a matrix of oxide and calcium carbonate. 

IO 
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FIGURE 2. Thermo-analytical curves for lead sulphate 

Calibration graphs that were based on analyte concentrations for the standards that had been adjusted 
by the use of these sulphate matrices gave the results shown in Table 16. 

4. COMPARISON BETWEEN VALUES OBTAINED BY XRFS AND OTHER METHODS 
A comparison of the values for lead and zinc as obtained by XRFS and other methods (e.g. ICP emission 

spectroscopy, atomic-absorption spectrophotometry, and wet-chemical methods) showed excellent agreement 
for low concentrations when the oxide value was used for the calibration standards. The results are shown 
in Table 17. 

The agreement between different methods (XRFS and ICP) at high concentrations and the discrepancies 
observed when the elements were not converted to a single form are shown in Table 16. When the lead 
and zinc were not converted to a common anionic form, e.g. sulphate, significant differences (up to 5 per 
cent) were observed between the XRFS methods for the two forms of the matrix, the higher values being 
obtained when the lead and zinc were converted to the sulphate form. 

When a single anionic form was present, the average deviations between the XRFS and ICP values 
were 0,5 per cent for lead and - 0,8 per cent for zinc. In the analyses for zinc, there was a slight negative 
bias between these two methods. 
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FIGURE 3. Thermo-analytical curves for zinc sulphate heptahydrate 
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TABLE 16 

Comparison of values of lead and zinc at high concentrations when not converted 
to sulphate matrices 

Pb, % Zn, ft 

XRFS values Deviation XRFS values Deviation 

Sample ICP 
or XRFS value 
from ICP value ICP 

of XRFS value 
from ICP value Sample Mixed oxide Sulphate ICP 

or XRFS value 
from ICP value Mixed oxide Sulphate ICP 

of XRFS value 
from ICP value 

no. and sulphate only value * and sulphate only value f» 
OJ 537/1 58.3 62.6 63.2 -0 ,9 55,9 57,5 57.9 -0 ,7 
OJ 537/2 63,4 68,4 68,1 + 0,4 45,6 47,9 48.7 -1 .5 
OJ 537/3 37,5 40,2 40,8 -1 ,5 52,0 54.0 54.5 - 0 , 9 
OJ 537/8 62.4 65.1 64,7 + 0,6 
OJ 537/9 •2,6 56.0 54,9 + 2,0 
OJ 537/10 68.4 73.1 71,5 + 2,2 

5/78 - 1.21 1.19 + 1,7 50,3 51,4 -2.1 
4/78 - 69.2 69,5 -0 ,4 2,20 2.01 + 9,5 

XRFS = X-ray-fluorescence spectrometry 
ICP = Emission spectroscopy with inductively coupled plasma 

TABLE 17 

Comparison of values for low concentrations 
of zinc and lead 

Sample 
no. 

Zn, * Pb, ft Sample 
no. XRFS ICP AAS XRFS ICP AAS 

2/83 
4/83 
6/83 
OJ 606/1 
OJ 606/2 
OJ 606/3 
OJ 606/4 
OJ 606/5 
OJ 606/6 
OJ 606/7 
OJ 606/8 
OJ 606/9 
OJ 606/10 

2,09 
1,84 
0,36 
0,72 
0,67 
0,50 
0,49 
0,49 
0,11 
0,68 
0,67 
0,66 
0,70 

2,14 
1,99 

0,38 
0,71 
0,67 
0,53 
0.52 
0,52 
0,11 
0.68 
0,68 
0,66 
0,70 

1,25 
0,55 
0,18 
0,42 
0,43 
0.41 
0,39 
0,41 
0,03 
0,42 
0,42 
0,38 
0,44 

1.25 
0,54 

0,18 
0,39 
0,46 
0,44 
0,41 
0,42 
0,03 
0,42 
0,43 
0,39 
0,44 

XRFS = X-ray-fluorescence spectrometry 
ICP = Emission spectroscopy with inductively coupled 

plasma 
AAS = Atomic-absorption spectrophotometry 

Table 18 gives the relative standard deviation, s„ associated with the determination of lead and zinc 
over a range of concentrations, the s, being a measure of the confidence with which a determination can 
be made. 

These values indicate a satisfactory level of precision at all concentrations for plant-control work, the 
determination of lead by XRFS being somewhat more precise than that of zinc, and the measurement of 
zinc being more precise when determined by ICP. 

5. CONCLUSIONS 
Lead and zinc in low concentrations were determined successfully in tailings and middlings without 

any matrix correction of the oxide calibration-standard values assigned to them. However, for concentrates, 
the assigned oxide valies of the calibration standards had to be adjusted for a sulphate matrix. The lead 
and zinc in the concentrates had to be converted to the sulphate form by being ignited with a mixture of 

13 
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TABLE 18 

Precision of analysis 

Pb Zn 
XRFS ICP XRFS ICP 

Concn, V» 1 s, /> J, n <_oncn, *f» * n s. n 

1.28 
0.56 
1.19 
0.18 
40 
to 
73 
69 

0,049 
0,024 
0,020 
0.011 
0,003 

to 
0,004 
0,004 

6 
4 
4 

II 
3 

3 

0,043 
3,056 

0,105 

19 
6 

28 

2.15 
1,96 
2,05 
0,36 
47 
to 
57 
51 

0,061 
0,009 
0,015 
0,149 
0,002 

to 
0.004 
0.004 

6 
4 
4 

11 
3 

3 

0.016 
0.013 

0,015 

19 
6 

3 

n - Number of determinations 
5, = Relative standard deviation 

a.nmonium nitrate and ammonium sulphate. Magnesium was not unduly affected by differences in the 
anionic form of the matrix elements since the calcium carbonate present acts as a heavy absorber. 

The precision of measurement was better than 0,5 per cent for lead and zinc in high concentrations, 
and better than 6 per cent for these two elements in concentrations of more than 0,5 per cent. The average 
deviations in the results of the XRFS and ICP methods were less than 1 per cent. 

By the XRFS technique, concentrations from 0,01 to 70 per cent lead and zinc can be measured. Atomic-
absorption spectrophotometry and ICP can be used for the determination of these two elements in low 
and high concentration respectively. The limit of determination for magnesium is 0,5 per cent. 
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APPENDIX I 

THE DETERMINATION OF LOW CONCENTRATIONS OF ZINC AND LEAD IN DOLOMITE BY 
X-RAY-FLUORESCENCE SPECTROMETRY 

(LABORATORY METHOD NO. 30/14) 

1. OUTLINE 
The sample is combined with a mixture of synthetic dolomite and binder, and is homogenized in a 

Siebtechnik null. A disc is thai pressed, and the zinc and lead are measured. Calibration is effected by 
the use of synthetic standards comprising lead and rise oxides in a matrix of dolomite. 

2. APPLICATION 
The method is applicable to the determination of lead and zinc m the range 0 to 12 000/ig/g in a dolomite 

matrix without any necessity for the conversion of these elements to the sulphate form; that is, they can 
be present as either oxides or sulphates. Corrections are made for mutual matrix interferences. The lower 
limit of determination is 15 fig/g for lead and for zinc. The precision of measurement is generally better 
than 6 per cent, and the average deviation between this and the emission-spectroscopic method with 
inductively coupled plasma (ICP) is less than or equal to 0,02 per cent for both dements. 

3. APPARATUS AND REAGENTS 
(1) Hydrtmtk Press 

Capable of exerting a force of 9,8 kN (lOt) and fitted with a timer. 
(2) Synthetic Dolomite Mixture 

Prepare a mixture consisting of the following fine powders: 
54 per cent calcium carbonate 
44,3 per cent magnesium carbonate 
0,3 per cent silica 
1,0 per cent ferric oxide. 

Place the mixture in a plastic bottle, and mix for 1 hour on rollers. 
(3) Binder 

Prepare a SASMU binder by mixing the following on rollers: 
90 per cent EMU polystyrene copolymer 
10 per cent N3-H1 Sasol wax. 

(4) Zinc and Lead Oxides 
Dry zinc oxide at 600 °C and lead monoxide at IIO'C. 

4. MASS OF SAMPLE 
Weigh out the masses of sample, synthetic dolomite, and binder given in Table 1-1 for the appropriate 

concentrations of analytes in the samples. 

TABLE 1-1 

Masses of sample, synthetic dolomite, and binder 

EitiiMUd concMitration 
of Pb or Zn in lampi* 

MlMOf 
Mfflpte 

• 

Miu of synthetic 
dolomiu 

I 

MM» of 
Mr.áiT 

% 
0 to 1000 

1000 to 12 000 
9,0 
«,0 Í.0 

1 
1 
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5. PREPARATION OF DISCS 
Weigh out the quantities given in Tajle 1-1, and place in a 150 ml squat beaker. Mix with a narrow-

bladed spatula, and transfer to a 100ml low-carbon-steel Siebtechnik bowl. Mill for S minutes, and transfer 
the contents of the bowl to the original ISO ml beaker. Press a disc 40 mm in diameter under a force of 
9,8 kN (lOt) for 2 minutes. Remove and label the disc. 

6. PREPARATION OF STANDARDS 
Prepare separately 1 per cent zinc reagent stock and 1 per cent lead reagent stock from dried zinc oxide 

and lead oxide by weighing out the following quantities: 

iy» Zn stock 
1,2447 g of ZnO 
98,7553 g of synthetic dolomite 

1V> Pb stock 
1,0772 g of PbO 
98,9228 g of synthetic dolomite. 

Mix each stock reagent in a Siebtechnik bowl for 5 minutes, and then bottle and label each. 
Weigh out the quantities of stock reagent shown in Table 1-2 into 150 ml squat beakers. 

TABLE 1-2 

Calibration standards 

Mass of SASMU binder: 1,000 g 

\w. IVt 
Zn stock Pb stock Zn Pb 

$ e % t 
1,0000 8,0000 1000 8000 
2,0000 7,0000 2000 7000 
3,0000 6.0000 3000 6000 
4,0000 5,0000 4000 5000 
5,0000 4.0000 5000 4000 
6,0000 3,0000 6000 3000 

1 7,0000 2,0000 7000 2000 
8.0000 1,0000 8000 1000 

Prepare the discs as described in Section S. Label and mark the discs with the appropriate concentrations 
of zinc and lead. Prepare two blank discs in the same way by mixing 9,0000g of synthetic dolomite with 
1,0000g of SASMU binder. 

7. INSTRUMENTAL PARAMETERS 
Use the Siemens SRS200 X-ray-fluorescence spectrometer with the instrumental parameters given in 

Table 1-3. 

8. MEASUREMENT OF SAMPLES AND STANDARDS 
a. Load the Siemens SRS200 spectrometer with the blank discs, and then with the calibration standards, 

followed by the samples. 
b. After loading the trays, write down the sequence of the discs on a form. 
c. At the computer terminal, type in the command NEW to cancel previous programme and press 

carriage return, CR. 
d. Type the command ENTER"XRAY7 and press CR, and thei. enter the command RUN and press CR. 
e. Answer all the relevant questions. Use the string DOLZNPB.STR to control the spectrometer. 
f. On the form mentioned in step b, make a note of the name of the file in which the measurements 

will be stored. 
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TABLE 1-3 

Instrumental parameters 

Anode Rh 
Voltage 60 kV 
Current 40 mA 
Radiation path Air 
Bragg crystal LiF(220) 
Discrimination 100% pass of pulse 

Analytical lines 
Zn Kc 60.38° 20 
Pb La 50,50° 20 

Background position 
ZnKor 59,00" 20 
PbLa 4»,73° 20 

Counting time 40s 

g. After you have completed the measurement, check that the data file is correct. If a mistake is present 
(e.g. a digit missing from the strings), use programme FILECORR to correct the faulty string. Store 
in a new file and note the name of the new file on the form mentioned in step b. Proceed to the 
calibration. 

9. CALIBRATION 
9.1. Calibration for Zinc 

a. Type in the command NEW at the computer terminal. 
b. Enter the command ENTER',DOLZNPB, and then press CR. 
c. Into this programme enter the mass of sample taken in lines 1100 to 1170 as data statements in 

the same sequence as that for the measurements taken. For the blanks and standards enter a mass 
of 10 for each. Note that in the original programme Pnes 1100 to 1170 are reserved by a REM 
statement. Enter the command LIST"DOLZNPB, and the masses of the samples will be stored. 

d. Type the command RUN and answer all the relevant questions. For the calibration constants, enter 
any value (usually number 1 suffices) for calibration constants. 

e. A printout will follow with a heading: 
Samp. No, Net Pb La, Net Zn Ka, /ig/g Pb, jtg/g Zn. 

f. After all the net peaks for the standards and blanks have been printed, terminate the printout by 
pressing ESC. Keep this printout. 

g. Enter the command NEW. 
h. Enter the command ENTER"LINMAT and then press CR. 
i. Enter the command RUN, and press CR. 
j . Answer all the relevant questions. 
k. Enter ihe standard value for the zinc standards, the net intensity of the Zn Ka line, and the net 

intensity of the Pb \,a line; then press CR until all the data are entered. 
I. A printout of the following will be made: 

(i) the slope for the calibration of zinc, 
(ii) the intercept for the calibration of zinc, 
(iii) the coefficient of correlation, and 
(iv) the correlation index. 

9.2. Calibration for Lead 
With the printout obtained as listed in Section 9.1, proceed as follows: 
a. Enter the command NEW, and press CR. 
b. Enter the command ENTER"PARMATY, and press CR. 
c. Enter the command RUN, press CR, and answer all the relevant questions. 
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d. Enter the data in the following format: 
net intensity of the Pb La line, the value of lead standard, and the net intensity of the Zn Ka line. 

e. After all the data have been entered, a printout will give the following: 
(i) the 2nd degree coefficient, A, 

(ii) the 1st degree coefficient, B, 
(iii) a constant, C, 
(iv) the coefficient of correlation, and 
(v) the correlation index. 

10. CALCULATION OF SAMPLES 
a. Enter the command NEW, and press CR. 
b. Enter the command ENTER"DOLZNPB, and press CR. 
c. Enter the command RUN, and press CR. 
d. Answer all the relevant questions, and enter the calibration coefficients for zinc and lead. 
e. A printout will follow giving the values for the blanks, standards, and samples. 
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E.1 Zinc 
C/R E.1 LMd 

ELI Magnesium 
E.2 Calcium, Elements in 

APPENDIX II 

THE DETERMINATION OF HIGH CONCENTRATIONS 07 ZINC, LEAD, AND MAGNESIUM IN DOLOMITE 
BY X-RAY-FLUORESCENCE SPECTROMETRY 

(LABORATORY METHOD NO. 30/15) 

1. OUTLINE 
The sample is mixed with calcium carbonate and binder, and is homogenized in a Siebtechnik mill; 

a disc is then pressed and the zinc, lead, and magnesium are measured. Calibration is carried out by use 
of a synthetic mixture of oxides and calcium carbonate. 

2. APPLICATION 
The method is applicable to the determination of up to 60 per cent lead, zinc, and magnesium after 

their conversion to a common sulphate form and after corrections have been made for matrix effects. The 
precision of determination is better than 0,5 per cent, and the average deviation between this and an emission-
spectroscopic method with inductively coupled plasma (ICP) is less than 1 per cent. The time for analysis 
of 10 samples plus standards is an elapsed time of 4,5 hours and an operating time of 3 hours 

3. APPARATUS AND REAGENTS 
(1) Hydraulic Press 

Capable of exerting a force of 9,8 kN (101) and fitted with a timer. 
(2) Calcium Carbonate 

Low in magnesium. 
(3) Binder 

Prepare SASMU binder by mixing the following on rollers: 
90 per cent EMU polystyrene copolymer 
10 per cent N3-H1 Sasol wax. 

(él Zinc Oxide 
Dry zinc oxide at 600 °C for 1 hour. 

(5) Lead Monoxide 
Dry lead monoxide at 110°C for 1 hour. 

(6) Magnesium Oxide 
Ignite magnesium oxide at 1000 °C for 1 hour; it should be low in calcium. 

4. MASS OF SAMPLE 
Weigh out the masses of sample, calcium carbonate, and binder given in Table II-1 for the appropriate 

concentrations of analytes in the samples. 

TABLE II—1 

Masses of sample, calcium carbonate, and binder 

Estimated concentration of Mas» of M a » of Mats of 
Pb, Zn, or Mg in «ample •ample CaCOj binder 

* 1 ( 1 

1 to 10 4.0 5.0 1.0 
10 to 40 1,0 8,0 1,0 
40 to 60 0,6 M 1.0 
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5. PREPARATION OF DISCS 
Weigh out the quantities given in Table II—1 and place in a 150ml squat beaker. Mix with a narrow-

bladed spatula and transfer to a 100ml low-carbon-steel Siebtechnik bowi. Mill for 5 minutes, and transfer 
the contents of the bowl to the original ISO ml beaker. Press a disc 40 mm in diameter under a force of 
9,8 kN (lOt) for 2 minutes and label the disc. 

6. PREPARATION OF STANDARDS 
Prepare separately 10 per cent lead, zinc, and magnesium reagent stock from the dried or ignited oxides 

by weighing out the following quantities: 

10% Zn stock 
12,4475 g of ZnO 
87,5525 g of CaCOj 

107» Pb stock 
10,7722 g of PbO 
89,2278 g of CaCQ3 

107» Mg stock 
16,5811 g of MgO 
83,4189g of CaCOj. 

Homogenize in a Siebtechnik bowl for 5 minutes, and tv,en bottle and label each. 
Weigh out the quantities of stock reagent shown in Table II—2 into 150 ml squat beakers. 

TABLE 11-2 

Calibration standards 

Mass of SASMU binder: 1,000 g 

10W. ion 10* 
Z i slock Pb stock Mg stock Zn Pb Mg 

g g g It It Vt 

8,0 1.0 Nil 8 1 Nil 
7,0 Nil 1,0 7 0 1 
6,0 2,0 1,0 6 1 
5,0 4,0 Nil Nil 
4,0 5,0 Nil Nil 
3,0 3,0 3,0 3 
2,0 3,0 4,0 4 
1,0 1,0 7,0 7 
3,0 4,0 2,0 2 
4,0 Nil 5,0 Nil 5 
2,0 1,0 6,0 1 6 
2,0 6,0 1,0 6 1 

Prepare discs as described in Section 5. Label and m?rk the discs with appropriate concentrations of 
zinc, lead, and magnesium. Prepare two blank discs in the same way by mixing 9,0000 g of calcium carbonate 
with 1,0000 g of SASMU binder. 

7. INSTRUMENTAL PARAMETERS 
Use the Siemens SRS200 X-ray-fluorescence spectrometer with the instrumental parameters shown in 

Table II-3. 

8. MEASUREMENT OF SAMPLES AND STANDARDS 
a. Load the Siemens SRS200 X-ray spectrometer with the blank discs and then with the calibration 

standards, followed by the samples. 
b. After loading the trays, write down the sequence of the discs on a form. 
c. At the computer terminal, type in the command NEW to cancel the previous programme and press 

carriage return, CR. 
d. Type the command ENTER"XRAY7, and press CR; then enter the command RUN, and press CR. 
e. Answer all the relevant questions. Use the string DOLZNPB.STR to control the spectrometer. 

20 



DETERMINATION OF LEAD, ZINC, AND MAGNESIUM 

TABLE H-3 

Instrumental parameters 

Anode Rh 
Voltage 60 kV 
Current 40 mA 
Radiation path Vacuum 
Bragg crystal LiF(2^0) 
Discrimination 100°/« pass of pulse 

Analytical lines 
Zn Ka 60,58° 2Í 
Pb La 50,50° M 
MgKa 136,72° 29 

Background 
ZnKa 59,00° 2» 
Pb La 48,73° 2» 
MgKa 133,00° IB 

Counting time 40s 

f. On the for.n mentioned in step b, make a note of the name of the file in which the measurements 
will be stored. 

g. After you have completed the measurement, check that the data file is correct. If a mistake is present 
(e.g. a digit missing from the strings), use programme FILECORR to correct the faulty string. Store 
in a new file and note the name of the new file on the form mentioned in step b. Proceed to the 
calibration. 

9. CALIBRATION 
9.1. Calibration for Zinc 

a. Type in the command NEW at the computer terminal. 
b. Enter the command ENTER"HDOLZNPBMG, and then press CR. 
c. Into this programme enter the mass of sample taken in lines ' 100 to 1170 as data statements in 

the same sequence as that for the measurements taken. For the blanks and standards, enter a mass 
of 10 for each. Note that in the original programme lines 1100 to 1170 are reserved by a REM 
statement. Enter the command LIST"DOLZNPB, and the masses of the samples will be stored. 

d. Type the command RUN and answer all the relevant questions. For the calibration constants, enter 
any fictitious value (usually number 1 suffices) for calibration constants. 

e. A printout will follow with a heading: 
Samp. No, Net Pb L«, Net Zn Ka, /tg/g Pb, /tg/g Zn. 

f. After all the net peaks for the standards and blanks have been printed, terminate the printout by 
pressing ESC. Keep this printout. 

g. Enter the command NEW. 
h. Enter the command ENTER'TARMATY, and then press CR. 
i Enter the command RUN, and press CR. 
j . Answer all the relevant questions. 
k. Enter the net intensity for the Zn Ka line, the value for the zinc standard, the net intensity of the 

Pb l a line, and the net intensity of the Mg Ka line; then press CR until all the data are entered. 
I. A printout of the following will be made: 

(i) the 2nd degree coefficient, A, 
(ii) the 1st degree coefficient, B, 
(iii) a constant, C, 
(iv) the coefficient of correlation, and 
(v) the correlation index. 
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9.2. Calibration for Lead 
With the printout obtained as listed in Section 9.1 p.^ceed as follows: 
a. Enter the command NEW, and press CR. 
b. Enter the command ENTER*'PARMATY, and press CR. 
c. Enter the command RUN, press CR, and answer all the relevant questions. 
d. Enter the data in the following format: 

net intensity of the Pb La line, the value of the lead standard, and the net intensity of the Zn Ka line. 
e. After all the data have been entered, a printout will give the foil, wing: 

(i) the 2nd degree coefficient, A, 
(ii) the 1st degree coefficient, B, 

(iii> the constant, C, 
(iv) the coefficient of correlation, and 
(v) the correlation index. 

10. CALCULATION OF SAMPLES 
a. Enter the command NEW, and press CR. 
b. Enter the command ENTER"DOLZNPB, and press CR. 
c. Enter the mass of samples as data statements in lines 1100 to 1170. 
d. Enter the command LIST"DOLZNPB and CR. The masses of samples taken for analysis were stored 

in the programme. 
e. Enter now the command RUN, and press CR. 
f. Answer all the relevant questions, and enter the calibration coefficients for zinc and lead. 
g. A printout will follow giving the values for the blanks, standards, and samples. 
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