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SYNOPSIS 

A method of analysis is presented that is applicable to sample mixtures of cassiterite and scheelite in 
concentrations of 0,2 to 70 per cent. Matrix variations are compensated for by dilution and fine grinding 
with coarse river sand, potassium chloride being used as a binder. Residual matrix effects are corrected for 
by the use of zinc and antimony as internal standards for tungsten and tin respective1). Calibration graphs 
are obtained by the use of chemically analysed scheelite and cassiterite standards. 

For tin, the relative standard deviation at a concentration of 60 pe^ cent is 0,0063, and, at 10 per cent. 
0,028; for tungsten, it is 0,013 at a concentration of 40 per cent. The lower levels of detection for tungsten 
and tin are 0,26 and 0,23 per cent respectively, and the time required for the analysis of 10 samples and 5 
calibration standards by this method is 5 hours. 

A detailed laboratory method is given in the appendix. 

SAMEVATT1NG 

Daar word 'n ontledingsmetode voorgestel wat van toepassing is ip monstermengsels van k.issiteriet 
en scheeiiet in konsentrae'es van 0,2 tot 70 persent. Daar word vir matriks- ariasies gekompenseer deur die 
monsters met growwe riviersand te verdun en fyn te maal, met kRliunKhloried as bindmiddel. Residuele 
matrikseffekte word gekorrigeer deur die gebruik van sink en antimoon as interne standaarde 
onderskeidelik vir wolfram en tin. Kalibreerkrommes word verkry deur die gebruik van schecliet- en 
kassiterietstandaarde wat chemies ontleed is. 

Vir tin is die relatiewe standaardafwyking by 'n konsentrasie van 60 persent 0,0063 en by 10 persent. 
0,028; vir wolfram is dit 0,013 by 'n konsentrasie van 40 persent. Die onderste opsporingsgrens vir wolfram 
en tin is onderskeidelik 0,26 en 0,23 persent en dit neem 5 uur om 10 monsters en 5 kalibreerstandaarde 
volgens hierdie metode te ontleed. 

'n Uitvoerige laboratoriummetode word in die aanhangsel aangegee. 
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1. INTRODUCTION 
The following methods using X-ray-fluorescence (XRF) spectrometry for the determination of tin and 

tungsten have been developed at the National Institute for Metallurgy (NIM): 
(a) a single-standard calibration method'. 
(b) a fusion method with borate flux-, and 
(c) a method for direct measurement'. 
The single-standard calibration method1 is time-consuming and therefore not economically feasible 

when large numbers of samples require analysis. 
Attempts have been made to use the fusion method with borate flux-, but, even with a high degree of 

dilution (1 : 20). matrix effects could not be effectively corrected for. For consistent results to be obtained 
with this method, it is also important that, because of the short wavelength of the Sn Ka radiation, the discs 
should be of the same thickness. However, at a short wavelength of 0,49 A. for instance, infinite thickness 
can be obtained only with a disc of unpractical thickness. 

The method for the direct measurement of tin' has inadequate precision and accuracy, and its range is 
limited. 

Discussions with Dr Kikkert' indicated that a non-fusion method involving fine grinding and dilution 
with river sand would result in reduced mincralogical and particle-size effects, and that potassium chloride 
was a suitable binder. The variations in mass absorption of cassiterite and scheelite are approximately 65 
per cent at the Sn Ka and W La analytical lines in the concentration range from 1 to 70 per cent. It was 
calculated that, with dilution and fine grinding, the variations in mass absorption would be 14 per cent for 
tin and 10 per cent for tungsten. The addition of suitable internal standards would correct for these smaller 
changes in mass absorption"', and the literature"7 showed that antimony and hafnium correct for matrix 
effects when used as internal standards for tin and tungsten respectively. 

It was therefore decided that an investigation should be undertaken in an attempt to improve the 
precision, accuracy, and range of the method for direct measurement' by the use of fine grinding and 
dilution with coarse river sand and of internal standards to compensate for residual matrix effects. The 
method would be applied to the determination of tin and tungsten in mixtures of cassiterite and scheelite. 
However, as hafnium was not readily available, it was decided that, if no zinc was present in the sample, zinc 
oxide would be used as an internal standard for tungsten, the Zn Ka line being used for matrix correction. If 
zinc was present, hafnium oxide would have to be used. The presence or absence of zinc would be 
determined by a preliminary scan. 

2. APPARATUS 
A Philips PW 1220 spectrometer was used with a Philips PW 1140 generator. An X-ray tube witu a 

gold target was fitted to the spectrometer. 
A Siebtechnik mill with a 100 cm' Colmonoy bowl was us^d for fine grinding of the samples, and a 

Herzog press fitted with a timer and exerting a force of 101 for 2 minutes was used to press the sample discs. 

3. EXPERIMENTAL METHOD 
3.1. Instrumental Parameters 

The instrumental parameters used are listed in Table 1. 

3.2. Comminution Tests 
Six identical discs were prepared. Each of these consisted of a mixture of l,000g of the sample with 

4.5 g of sand. 4.5 g of A.R.-grade potassium chloride, 0,5 g of A.R.-grade antimony oxide, and 0,5 g of 
A. R.-grade zinc oxide. Each mixture was milled for a different length of time (a range of 60 to420 seconds), 
and then pressed at 101 for 2 minutes. 

Since zinc was being used as an internal standard for tungsten, the ratio of the net intensity (/„,.,) of 
tungsten to that of zinc was then determined. Net intensity is given by the following expression: 

/„... = P-B, 

where P is the count at the peak position, and 
B is the count at the background position under the analyte peak. 

The effect of grinding time on this ratio is given in Table 2, from which it can be recn that the ratio 
becomes constant after a grinding period of 240 seconds. Previous results' obtained for tin in a mixture of 
silica and cassiteritc showed that a constant ratio for (P-B)/B is reached after 30 seconds of grinding time. A 
grinding time of 270 seconds was therefore chosen. 

I 
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TABLE 1 

Instrumental parameters 

Tin Tungsten 

Tube target Au Au 
Voltage, kV 60 60 
Current. mA 40 40 
Detector Scintillation Scintillation 
Radiation path Air Air 
Collimator, /xm 160 160 
Discriminator Set to allow through 95% Set to allow through 95% 

of gross energy at Sn K« of gross energy at W La 
pulse pulse 

Bragg crystal LiF (220)-cut LiF (220)-cut 
Analytical line SnKa WL« 
Internal standard line SbKa ZnKa 
Analytical line 10,90° 20 62.45° 20 
Internal standard line 19.07° 20 60,58° 20 
Background angle 22.0° 20 66,50° 20 
Counting time, s 20 20 

TABLE 2 

Effect of grinding time on the ratio of /„,., 
for tungsten to /„,., for zinc 

Grinding 
time, s 

/„,., for tungsten Grinding 
time, s /„,., for zinc 

60 
120 
180 
240 
300 
420 

0.375 
0.390 
0.395 
0,412 
0,414 
0,420 

As the milling is done in a Colmonoy bowl, nickel metal is introduced into the sample. It was therefore 
necessary for the jegree of spectral overlap of the Ni K/3 line on the W L« line to be tested. 

Discs with nickel concentrations of up to 0,2 per cent were prepared from unmilled material and 
measured at the Ni K(-J and W L« lines. No appreciable lift was found to occur at the position of the W La 
line, and tne amount of nickel introduced during milling was found to be less than 0.2 per cent. Possible 
overlap of the spectral lines would occur at concentrations of nickel greater than 0.5 per cent, and samples 
of which the composition is not known should be scanned to establish the presence of nickel 

4. PREPARATION OF CALIBRATION STANDARDS 
A scheclite reference sample (6/70) with a tungsten concentration of 56,72 per cent and a cassitcritc 

standard (A8I) with a tin concentration of 74,8 per cent were used in the preparation of the standard 
calibration discs. The masses of each reference material used, as well as the masses of the sand and the 
internal standards (zinc oxide and antimony trioxide). are given in Table 3. 
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TABLE 3 

Standard discs 

Disc-
no. 

Mass of constituent, g 
1 — '• 

Sn concn 
in disc. % 

W concn 
in disc. Vc 

Disc-
no. 6/70* A81t S«.nd KC1 Sb,0 : i ZnO 

1 — '• 

Sn concn 
in disc. % 

W concn 
in disc. Vc 

1 
-> 
3 
4 
5 
6 

0.2509 
0.5006 
0.7506 
1.009 

1.0005 
0.7509 
0.5004 
0.2503 

5.5 
4.5 
4.5 
4.5 
4.5 
4.5 

4.5 
4.5 
4.5 
4.5 
4.5 
4.5 

0.5 
0.5 
0.5 
0.5 
0.5 
0.5 

0.5 
0.5 
0.5 
0.5 
0.5 
0,5 

0 
6.8031 
5.1053 
3,4024 
1.7019 
0 

0 
0 
1.2935 
2.5810 
3.8700 
5.1606 

* Sent elite reference sample 
+ Casvteritc reference sample 

The masses of materials given in Table 3 were weighed on a chemical balance, transferred to 50 ml squat 
beakers, mixed well with a spatula, and milled in a Colmonoy grinding bowl for 270 seconds. The entire 
mass was then briquettcd at 101 for 2 minutes. By use of the instrumental parameters given in Table 1. the 
samples were read and the ratios of the count-rates for /„,., were calculated for W La and Zn Ka and for Sn 
Ko and Sb Ka. A least-squares regression analysis of the data for the calibration standards gave the 
calibration constants shown in Table 4. 

TABLE 4 

Regression parameters for calculation of 
percentage concentration of element 

Element Tin Tungsten 

Slope 
Intercept 
C.O.C.* 

0.28379 
-0,00069 

1,0000 

0,08947 
-0,00131 

1.0000 

* Coefficient of correlation 

5. RESULTS 
Eight samples with tungsten concentrations ranging from 13 to 40 per cent and tin concentrations of 9 

to 56 per cent were analysed by the proposed method and by the single-standard calibration method1, and 
the results compared with certified values when these were available. Analysis by single-standard 
calibration was limited to those samples for which no analytical data were available. The results are shown 
in Table 5. 

The maximum deviations and the bias recorded for tin and tungsten relative to the accepted values 
obtained by various methods are given in Table 6. 

The maximum deviations, expressed as a percentage of the concentration in the sample, were 3,8 and 
8,0 for tin and tungsten respectively. In general, these r-lative deviations are less than 3 per cent. 

The calibration curves based on a series of mixtures of the scheelitc and cassiterite samples are 
consistently good, with correlation coefficients of 1.000, and the calibration procedure is therefore unlikely 
to be the source of the average positive bias observed for both elements. 

This bia., is most probably due to the reference materials used for preparation of the calibration 
standards. The schcclite used is a NIM internal reference material with a limited number of results obtained 
in the course of routine analyses. The mean value assigned to the tungstic oxide content is 71,4 per cent with 

.1 
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TABLE 5 

Comparison of results obtained by use of the proposed method with, the accepted values 

Sample 

Proposed method Accepted value 

Sample 
i 

Mean Sn Range of Sn Mean W Range of W Sn concn W concn 
no concn. r I values. r'i R.S.D. concn. It values. r i R.S.D. r; r ; 

A389(IGS-25) 9.46 39.13 to 39.73 0.028 39.4 38.6 io 39.9 0.013 >).-;2|a( 39 (a) 
A49(NBSI37) 56.7 56.2 to 57.3 0.0063 - - - 56.4 (a) -

52/69 3.06 - - - - - 3.16(h) -
A390(lGS-26) 33.8 - - 13.1 - - 33.4 (a) 1 1.6 (a) 

PU 764/J 38.5 - - _ - - 38.8 (c) -
PU 380/3' • > - > - » - - - - - 22.1 (c) -
PL! 379/ I t 17.7 - - - - - 17.2 (c) -
PU 381/5 11.1 - - - - - l l . l (c) 

1/79 • 0.1 _ _ 55.67 - - - 55.20(d) 
2/79 0.85 0.81 to 0.88 - 33.66 33.55 to 33.93 - 0.90(d) 33.12(a) 

3/79 9.20 9.15 to 9.22 - 34.41 34.32 to 34.50 - 9.37(d) 
9.18(e) 

33.12(d) 

4/79 62.79 62.66 to 63.11 - 0.17 0.15 to 0.21 - 61.59(d) 
61.74(e) 

0.05(d) 

5/79 62.43 62.19 ro 62.58 - 0.58 0.41 to 0.63 -
61.09(d) 
60.96(e) 

0.50(d) 

6/79 57.17 57.05 to 57.32 - 5.25 5.17 •< 5.32 -
56.04(d) 
56.07(e) 

5.02(d) 

7/79 15.47 15.41 to 15.52 - 19.99 19.88 to 20.07 - 15.61(d) 
15.20(e) 

18.40(d) 

10/79 - - - 54.25 53.75 to 54.64 -
0.90(d)) 
0.74(f) f 

54.33(a) 

11/79 0.80 0.79 to 0.81 - 32.60 32.24 to 32.89 -
0.90(d)) 
0.74(f) f 32.60(d) 

12/79 9.32 9.30 to 9.34 - 33.69 33.48 to 34.00 -

fil
l 32.60(d) 

13/79 61.49 61.30 to 61.84 - - 0.20 • 0.20 - fil
l 

0.05(a) 

14/79 61.12 61.00 to 61.29 - 0.48 0.43 to 0.52 - 6I.0V(d) 
61.10(c)) 
56.04(d)! 
56.55(c) 1 

0.49(d) 

15/79 56.71 56.65 to 56.80 - 5.03 4.89 to 5.09 -

6I.0V(d) 
61.10(c)) 
56.04(d)! 
56.55(c) 1 

4.94(d) 

16/79 15.66 15.57 to 15.75 - 19.56 19.40 to 19.66 - 15.61(d)] 
15.17(e)) 

18.11(d) 

R.S.D. = Relative standard deviation. 
* Contains cobalt, no iin. 
+ Tin slag sample. 
(a) Certified values (National Bureau of Standards and International Geological Survey). 
(b) NIM internal reference sample. 
(c) Value obtained by XRF single-standard calibration method. 
(d) Samples I/79 to 7/79 inclusive are homogenized mixtures of NIM internal reference materials of schcclite and cassiteritc. The values marked (d) arc-

calculated from the analysis of these two components 
Samples 10/79 to 16/79 inclusive arc mixtures of NIM reference materials wolframite and cassitcrite. 

(c) Volumetric determination, 
(f) Polarographic determination. 

TABLE 6 

Comparison of the deviations for tin and tungsten relative to the accepted values 

Sn concn 
< I 0 % 

Sn concn 
> I 0 % 

W concn 
< 10% 

W concn 
> 1 \Wr 

Maximum deviation 
Bias 

+ 0,30 
+ 0.035 

+ 1.4 
+ 0.4 

+ 0.23 
+ 0.10 

+ 1,6 
+ 0.6 
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a standard deviation of 0.54 per cent The more reliable of the figures, namely those obtained 
gravimetrically under carefully controlled conditions, give a mean of 71.95 ± 0.05. which is a difference 
large enough to account for the true tungsten bias. 

Because, with this method, use is made of powder rather than a fusion, it is not possible for pure 
chemical* to be used for calibration because these would be incomplete mineralogically. However, since 
this method shows considerable promise, duplicate X-ray-fluorescence analyses based on the 
single-standard calibration procedure' should be undertaken for confirmation of the values obtained for tin 
and tungsten. 

The precision of me; surement. ranging, as it does, from a relative standard deviation (R.S.D.) of 0.006 
at a tin concentration of 57 per cent and 0.028 for a concentration of 10 per cent, is considered to be 
satisfactory. 

The R.S.D. for tungsten at a concentration of 40 per cent is 0,013. 

6. LOWER LIMIT OF DETECTION 
The error associated with the ratio of / n H for the analyte to /„,., for the internal standard. <rK. can be 

calculated and substituted in the following relation to give the lower limit of detection. L: 

/. = 3 <rK/.Yf. 

where M is the slope of the calibration graph. 

The intensity ratio (/„,., for the analyte to /„,., for the internal standard) is given by 

„ _ Pa ib x F,) 
P, - !/> x F,| 

where P., is the gross count-rate at the peak position of the analytc. 
Fa is the background ratio for the analyte. 
b is the background count-rate. 
P, is the gross count-rate at the peak position of the internal standard, and 
F| is the background ratio for the internal standard. 

_ R I [P„ + (h x Fr,)] [P, + {hx F-)] 
Then tr« = —?= x \ / - 7 - - ~- + i

T

J LJ-, 
\ T V [P, - {b x Fa)Y [/», - \h x F,)f 

where T is the counting time. 

By substitution for <TH and M. the lower limits of detection l/j are calculated as follows: 

/. for tungsten = 0.026 per cent in the briquette. 
= 0.26 per cent in the sample. 

/. for tin = 0.023 per cent in the briquette. 
= 0.23 per cent in the sample. 

7. TIME OF ANALYSIS 
The total time of analysis for 10 samples is 5 hours. A breakdown of this time is as follows: 

weighing of sample, sand, potassium chloride, and internal standard. 
and grinding and pelletizing 3 hours 

calibration of instrument, reading of samples, and calculation of results 2 hours 

8. CONCLUSIONS 
The method presented offers a simple and rapid means of analysis for tin and tungsten in mixtures of 

cassiterite and scheclitc. Analyses of tin slags gave good results when compared with those obtained by the 
single-standard calibration method'. As the method docs not depend on matched standards, other types of 
tin and tungsten ores can be analysed. 
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E.1.Tin 
C/R E.1. Tungsten 

APPENDIX 

LABORATORY METHOD NO. 50/13 
THE DETERMINATION. BY X-RAY-FLUORESCENCE SPECTROMETRY, OF TIN AND TUNGSTEN IN 

SCHEELITE AND CASSITERITE ORES AND CONCENTRATES 

1. OUTLINE 
The sample is diluted with sand and potassium chloride, internal standards of antimony oxide and zinc-

oxide are added, and the entire mass is milled in a Colmonoy grinding bowl for 270 seconds. The finely 
ground mass is then briquetted at 101 for 2 minutes. 

The net intensity (/„,.,) for each of the following is determined: tin. antimony, tungsten, and zinc. The 
following ratios are then calculated: 

/ n , i for tin 
/„,., for antimony 

and /n,., for tungsten 
/„,., for zinc 

The concentrations of tin and tungsten are evaluated from a calibration graph for each of these 
elements (see Figure I-l) . 

2. APPLICATION 
The method is applicable to mixtures of scheclite and cassiterite. 
The possible interferences are as follows: 

indium K/3 on Sn. 
tellurium K« on Sn, 
nickel K/3 on W. 
hafnium La on W background, and 
zinc Ka on Zn internal standard. 

3. APPARATUS 
(1) Hydraulic Press 

Fitted with a timer and capable of exerting a force of at least lOt. 
(2) Die and Plunger 

Case-hardened die and plunger for briquctting of the samples. 
(3) Computer for Data Processing 

A desk computer or a computer interfaced to an automatic X-ray spectrometer. 

4. AMOUNT OF SAMPLE 
For all samples in which the concentration of the element ranges from 0,2 to 70 per cent. 1 g is taken. 

Table I-l gives the amounts of sample, sand, potassium chloride, and internal standards to be taken and 
placed in a 50 ml squat beaker. 

TABLE I-1 

Amounts of constituents for briquettes 

Mass to be taken, g 

Sample KCI Sand Sb..O, ZnO 

1 4,5 4.5 0.5 0.5 
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5. PREPARATION OF THE SAMPLE 
5.1. Comminution 

a. Mix the constituents carefully with a spatula before transferring the mixture to a 100 cm'1 Colmonoy 
bowl and pulverizing it for 270 seconds. 

b. Transfer the intimately mixed sample to the original beaker. 

5.2. Briquetting 
a. Transfer the entire sample to the die. 
b. Fit the metal plunger and apply a force of 101 for 2 minutes. 
c. Carefully remove the briquette, thoroughly clean the die and plunger, and repeat the process with 

successive samples. 

6. PREPARATION OF THE STANDARD DISCS 
a. Use a scheelite standard with a tungsten concentration of 56,72 per cent and a cassiterite standard 

with a tin concentration of 74,8 per cent to prepare the standard calibration discs. 
b. Take the masses given in Table 1-2. 
c. Weigh the masses of materials given in Table 1-2 into 50 ml beakers, and prepare discs as described 

in Sections 5.1 and 5.2. 

TABLE 1-2 

Constituents of standard discs 

Disc 
no. 

Mass taken, g 
Sn concn 
in disc, % 

W concn 
in disc, % 

Disc 
no. 6/70* A81t Sand KC1 Sb 20 3 ZnO 

Sn concn 
in disc, % 

W concn 
in disc, % 

1 
2 
3 
4 
5 
6 

0,2509 
0,5006 
0,7506 
1,0009 

1,0005 
0,7509 
0,5004 
0,2503 

5,5 
4,5 
4,5 
4,5 
4,5 
4,5 

4,5 
4,5 
4,5 
4,5 
4,5 
4,5 

0,5 
0,5 
0,5 
0,5 
0,5 
0,5 

0,5 
0,5 
0,5 
0,5 
0,5 
0,5 

0 
6,8031 
5,1053 
3,4024 
1,7019 
0 

0 
0 
1,2935 
2,5810 
3,8700 
5,1606 

Blank - - 4,5 4,5 - - n 5,1606 

* Scheelite reference sample 
t Cassiterite reference sample 

7. INSTRUMENTAL PARAMETERS 
Use the instrumental parameters given in Table 1-3. 

8. MEASUREMENT PROCEDURE 
8.1. Calculation of Background Ratios of Tin and Tungsten 

a. Set the instrument according to the parameters given in Table 1-3, and measure the blank disc three 
times at the 6 angles given in Table 1-3. 

b. Calculate the background ratio according to the following equation: 

r> = j - (i) 

where Ft is the background ratio for element i, 
A is the intensity at the analytical position, and 
/j is the intensity at the background position. 

y 
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TABLE 1-3 

Instrumental parameters 

Spectrometer Philips PW 1220 or 1540 
Generator Philips PW 1140 or 1130 
Voltage 60 kV 
Current 40 mA 
Tube target Gold 
Detector Scintillation 
Radiation path Air 
Collimator 160 M m 
Bragg crystal LiF (220)-cut 
Discriminator Set to allow through 95% of gross intensity 

of Sn Kc< and W La pulses 
Analytical line SnKa 19,90° 20 
Internal standard SbKa 19,00° 20 
Background 22,00° 20 
Analytical line W La 62,43° 20 
Internal standard ZnKa 60,51° 20 
Background 66,50° 20 
Counting time 20s 

8.2. Calculation of Standard Calibration Graph 
a. Measure the standard discs at the 6 angles given in Table 1-3. 
b. Calculate the ratio of the /„,., of the analytical line to the /„,., of the internal standard according to 

equation (2) for the tungsten-to-zinc ratio (R,) and equation (3) for the tin-to-antimony ratio (R2). 

and R2 = 

p* — {Fw * Bw/n) 
p-,.n - (F/„ x Bw /„) 

p*n ~ ( F S n

 x fisn Sli) 
Psb ~ <FSh X Bs 

(2) 

(3) 

where /?, is the tungsten-to-zinc ratio, 
/\v is the gross intensity of the tungsten peak, 
P/n is the gross intensity of the zinc peak, 
F w is the background ratio for tungsten, 
Fyn is the background ratio for zinc, 
flw / n is the background intensity for tungsten and zinc, 
R2 is the tin-to-antimony ratio, 
/'sn is the gross intensity of the tin peak, 
Psi, is the gross intensity of the antimony peak, 
/\s„ is the background ratio for tin, 
F s b is the background ratio for antimony, and 
Bsn.sb '•'•> the background intensity for tin and antimony. 

c. Calculate a least-squares fit of the ratios against the concentration (per cent) of the element in the 
briquettes to give the slope and intercept of the calibration graph. 

d. Use the linear relation expressed in the following equation: 

Y = Mx + C, (4) 
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where Y is the intensity ratio, 
M is the slope, 
C is the intercept, and 
v is the concentration of tne element in the briquette (per cent). 

Rearrange equation (4) to give 

iY-CMM. 

e. Read the samples and calculate the concentration (per cent) of the element in the sample as 
follows: 

, „ x x total mass of disc 
element in sample, % = mass of sample taken ' 

where v is the concentration (per cent) of the element in the briquette. 


