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SYNOPSIS 

An accurate and precise method is described for the determination of iron and chromium in 
chromite, iron and titanium in ilmenite, and tungsten in tungsten ores. 

Samples are prepared for analysis by fusion with sodium peroxide or sodium tetraborate and 
leaching of the melt in a solution of tartaric or hydrochloric acid. 

Matrix correction and calibration are achieved by means of the single-standard calibration 
method with reference solutions prepared from compounds of the elements determined. 

SAMEVATTING 

'n Akkurate en presiese metode vir die bepaling van yster en chroom in chromiet, yster en titaan 
in ilmeniet en wolfram in wolframertse word beskryf. 

Monsters word vir ontleding berei deur smelting met natriumperoksied of natriuir.tetraboraat en 
uitloging van die smeltsel in 'n oplossing van wynsteen- of soutsuur. 

Matrikskorreksie en kalibrering word bewerkstellig deur middel van die 
enkelstandaardkalibreermetode met verwysingsoplossings wat van verbindings van die elemente wat 
bepaal is, berei is. 
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1. OUTLINE 
Ilmenite and tungsten ores (0,5 g) are fused with 8g of a flux consisting of lithium tetraborate, 

sodium tetraborate, and sodium carbonate. This is done in a platinum crucible over a Fisher blast 
burner. The molten melt is poured from the platinum crucible into 50 ml of water in a squat beaker, 
after which the platinum crucible is immersed in the same solution. After the addition of 50 ml of 2 M 
tartaric acid solution, the leaching solution is boiled to dissolve the melt. The cooled leaching solution 
is then made up to 200 ml in a volumetric flask. Chromite samples (0,5 g) are fused with 8 g of sodium 
peroxide in a zirconium crucible over a Fisher blast burner. The melt is leached in 75 ml of water 
acidified with 35 ml of concentrated hydrochloric acid, and is boiled to expel any hydrogen peroxide 
and is then made up to 200 ml in a volumetric flask. 

Calibration, matrix correction, and calculation of results for ilmenite, tungsten ores, and 
chromite are achieved by means of the single-standard calibration method'. Synthetic reference 
solutions are made from sodium tungstate, iron, potassium dichromate, and titanium dioxide. 

2. APPLICATION OF THE METHOD 
The method is applicable to th*; analysis of ilmenite for iron and titanium, chromite for chromium 

and iron, and tungsten ores for tungsten, in concentrations greater than 0,3 per cent. 
Table 1 lists the values obtained, and their precision when reference materials were analysed. 

TABLE 1 

Precision and accuracy of X-ray results 

Material Element 

Accepted 
value 

% 

Value by 
X-ray analysis 

% 

Coefficient 
of variation 

for X-ray analysis 

Ilmenite, 65/69 Ti 
Fe 

30,50 
35,46 

30,21 
35,38 

0,38 
0,34 

Tungsten ore, 46/74 W 53,64 53,56 0,41 
Chromite, A58 Cr 

Fe 
21,93 

9,66 
22,06 

9,73 
0,33 
0,76 

3. APPARATUS 
(1) Zirconium Crucibles 

40 ml capacity 
(2) Platinum Crucibles 

30 ml capacity 
(3) Blast Burner 

Fisher 

4. REAGENTS 
All the chemicals used are of analytical-reagent grade unless otherwise specified 
(1) Hydrochloric Acid 

Relative density 1,19 
(2) Borate Flux 

Thoroughly mix 150g of anhydrous sodium tetraborate, 31,56g of anhydrous sodium 
carbonate, and 118,44 g of lithium tetraborate, and store in a sealed bottle 

(3) Sodium Peroxide Granules 
(4) Sodium iungstatc 

NajWO^HjO 
(5) Iron 'Vlre 
(6) Potassium Dichromate 
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(7) Titmmium Dioxide 
TiO, 

(8) Tartaric Acid Solution, 2 M 
Dissolve 300 g of tartaric acid in 600 ml of water and dilute to 1 litre with water 

(9) Tartaric Acid Solution, 0J5M 
Dissolve 75 g of tartaric acid in 300 n! of water and dilute to 1 litre with wate. 

(10) Nitric Acid 
Relative density 1,40 

5. PREPARATION OF SAMPLES. REFERENCE SOLUTIONS, AND BLANK SOLUTIONS 
5.1. Preparation of Samples 
5.7.7. Ilmenite and Tungsten Ores 

a. Transfer 0,5 g (±0,2 mg) of sample, previously dried at 120°C for four hours, and 8g 
(±0,1 g) of borate flux to a platinum crucible, and mix well with a glass rod. 

b. Fuse the sample over a Fisher blast burner, starting at a low heat and gradually increasing the 
temperature to about 1100°C until all the sample has dissolved. 

c. Pour the molten melt into 50 ml of water contained in a 150 ml squat beaker, and then 
carefully immerse the platinum crucible in the 50 ml of water (Note 1). 

d. Add 50 ml of 2 M tartaric acid solution, mix well, and boil the leaching solution and melt until 
a clear solution is obtained. A small amount of silica may precipitate at this stage. 

e. Remove the platinum crucible, rinse with 2 M tartaric acid solution, and combine the rinses 
with the leach liquor. 

f. Quantitatively transfer the cooled leach liquor to a 200 ml volumetric flask and make up to 
volume with 0,5 M tartaric acid solution. 

5.t.2. Chromite 
a. Transfer 0,5 g (± 0,2 mg) of sample, previously dried at 120°Cfor4hours,and8g(±0,l g)of 

sodium peroxide to a zirconium crucible, and mix well with a glass rod. 
b. Fuse the sample over a Fisher blast burner, starting at a low h;at, gradually increasing the 

temperature to cherry-red heat until the sample has dissolved. 
c. Leach the cooled melt in 75 ml of water contained in a 250 ml squat beaker. 
d. Heat the leach solution and the zirconium crucible, and allow to simmer on a hot-plate at low 

heat for approximately 15 minutes. 
e. Remove the zirconium crucible and thoroughly rinse with water, the washing water being 

combined with the leach liquor. 
f. Acidify the leach liquor with 25 ml of concentrated hydrochloric acid and stir well. 
g. Add 5 ml of concentrated hydrochloric acid to the zirconium crucible and heat the crucible on 

a hot-plate for about 2 minutes. Then transfer the hydrochloric acid to the acidified leach 
liquor. 

h. Repeat step g. 
i. Boil the leach liquor to expel hydrogen peroxide. 
j . Quantitatively transfer the cool leach liquor to a 200 ml volumetric flask, and make up to 

volume with water. 

5.2. Reference Solutions 
5.2.7. Tungsten (20g/l) 

a. Transfer 31,9824 g of sodium tungstate, previously dried at 120°Cfor 12 hours, into a 500 ml 
squat beaker. 

b. Dissolve the sodium tungstate in 200 ml of water by stirring and gently heating on a hot-plate. 
c. Quantitatively transfer the dissolved sodium tungstate to a 1 -litre volumetric flask, dilute to 1 

litre with 2M tartaric acid solution, and mix well. 

5.2.2. Iron (20g/l) 
a. Transfer 20 g (±0,2 mg) of iron wire, previously cleaned with acetone and dilute hydrochloric 

acid, to a 400 ml squat beaker. 
b. Dissolve the iron wire by adding 200 ml of 1 -to-1 hydrochloric acid and 20 ml of concentrated 

nitric acid, and heat gently on a hot plate. 
c. Quantitatively transfer the iron solution to a 1 -litre volumetric flask, make up to volume with 

0,5 M tartaric acid and water, and mix well. 
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5.2.3. Titanium (1,5g/l) 
a. Transfer 0,5004 g of titanium dioxide, previously dried at 120 °C for 12 hours, to a platinum 

crucible. 
b. Transfer 8 g (±0,1 g) of borate flux to the platinum crucible and mix well with a plastic rod. 
c. Proceed as in steps b to f of Section 5.1.1. 

5.2.4. Chromium (5 g/l) 
a. Transfer 28,2902 g of potassium dichromate, previously dried at 120°C for 12 hours, to an 

800 ml squat beaker and dissolve in 400 ml of water. 
b. Acidify the solution of potassium dichromate by adding 100 ml of concentrated hydrochloric 

acid. 
c. Quantitatively transfer the acidified solution of chromium to a 1 -litre volumetric flask, make 

up to volume with distilled water, and mix well. 

5.3. Blank Solutions 
5.3.1. Ilmenite and Tungsten Ores 

a. Transfer 20 g of borate flux to a 500 ml squat beaker. 
b. Dissolve the borate flux in 250 ml of water by heating on a hot-plate. 
c. Transfer the solution to a 500 ml volumetric flask, make up to volume with 2 M tartaric acid 

solution, and mix well. 

5.3.2. ChromitB 
a. Transfer 20 g of sodium peroxide to a 500 ml squat beaker and dissolve in 250 ml of water. 
b. Carefully add 90 ml of concentrated hydrochloric acid, stirring continuously with a glass rod, 

and boif the solution. 
c. Transfer the cooled solution to a 500 ml volumetric flask, make up to volume with water, and 

mix well. 

6. INSTRUMENTATION AND INSTRUMENTAL PARAMETERS 
A Philips PW.1220 spectrometer coupled to a PW.l 140 generator is used with the parameters 

given in Table 2. 

TABLE 2 

Instrumental parameters 

Voltage for X-ray tube 
Current for X-ray tube 
Counting time 
Radiation path 

60 kV 
40 mA 
20 s 
air 

Peak 
Back
ground X-ray-

Element Analytical Crystal angle angle tube 
measured line Detector* Collimator and cut °2$ °e target 

W Lo S fine LiF (220) 62,45 59,00 Au 
Fe K« F + S fine LiF (220) 85,73 82,00 Au 
Cr \a F + S coarse LiF (220) 107,06 104,00 Au 
Ti Ka F + S coarse PET (002) 36,67 39,00 Cr 

*S » «cintillation counter 
F - flow counter 
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7. PROCEDURE 
To analyse samples, proceed as follows. 
a. Prepare three sample holders (Note 2) by mounting a 12 /on Mylar window on each. 
b. Obtain two 7 ml A-grade pipettes, one for the sample solution and one for the reference 

solution. 

7.1. Balancing of Sample Holders 
a. Using a pipette, transfer 14 ml (7 ml twice) of a reference solution into each sample holder, 

and insert all three sample holders into the chamber of the X-ray spectrometer. 
b. At the analytical line of the element being determined, measure the count-rate for each 

holder several times (Note 3). 
c. The greatest difference between any two of the three averaged count-rates obtained for each 

holder should be less than 0,5 per cent of the overall average count-rate. If this is not so, 
factors must be applied to correct the count-rates of the second and third sample holders to 
that of the first. 

7.2. Determination of Background Factors 
a. Using a pipette, transfer 14 ml (7 ml twice) of the appropriate blank solution into the first 

sample holder and insert in the sample chamber. 
b. Determine the background factor, F, needed for the calculation of the true background under 

the peak from repeated measurements of the blank solution at the 20 angle of the analytical 
line and background of the element determined. 

c. Calculate F as follows: 

F'T- ( 1 ) 

where P is the intensity at the peak angle, and 
B is the intensity of the background angle, 

d. Once it has been established, a background factor should be constant and need be checked 
only periodically by determination of a blank solution with each batch of samples analysed. 

7.3. Analysis of Samples 
a. Using A-grade pipettes, transfer 14 ml of the appropriate reference solution into the first 

sample holder, and 7 ml of the reference solution and 7 ml of the sample solution into the 
second sample holder. Mix thoroughly. 

b. Using a pipette, transfer 14 ml of the sample solution into the third sample holder. A volume 
of less than 7 ml can be used in steps a and b if infinite thickness is attained with a smaller 
volume of solution. 

c. Using the appropriate instrumental parameters (Table 2), determine the net intensity, /, of 
the analytical line for the reference, mixture of reference and sample, and sample solutions, 
by means of the equation 

I = P-B* F (2) 

During the analysis of samples, read all the values for Pol the three solutions, followed by 
values for B for the same three solutions (Notes 4 and 5). 

d. Calculate the percentage concentration, C, of the element measured in the solid sample by 
means of the equation 

^ x ^ M x ! i x m 0) 
Ws (irs - is) Ir 
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where Wr is the concentration in grains per 100 ml of the element measured in the reference 
solution, 
Wsis the the concentration in grams per 100 ml of the sample material in the sample solution, 
IT is the net intensity of the analytical line of the reference solution, 
Irs is the net intensity of the analytical line of the mixture of sample and reference solutions, 

and 
Is is the net intensity of the analytical line of the sample solution, 

e. Determine the concentration of the element by measuring the same aliquot portion three 
times, and report the average result. 

8. NOTES 
1. The melt is poured into water while in the molten state so that the melt will be broken into 

small pieces, thereby accelerating dissolution. 
2. Standard Philips plastic or titanium holders (32 mm in internal diameter) have been found to 

be satisfactory. 
3. If sample holders are in balance at one wavelength, they should be in balance at all other 

wavelengths, and correction factors for any three holders should remain the same at all 
wavelengths. 

4. This sequence of measurement of peaks and backgrounds is necessary because there is a 
tendency for bubbles to form when solutions are exposed to X-rays, and greater relative 
errors can be tolerated for B values than for P values. In addition, frequent clearing of 
bubbles is necessary when repeated measurements are made. 

5. In order to protect the sample chamber from corrosion by acid fumes, cover all the sample 
holders with lids and direct a flow of air into the crystal chamber, from where it will flow up 
the collimator into the sample chamber and out through the entrance port for sample holders. 
The flow of air through the spectrometer will also increase the stability of the instrument. 
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