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A 

SYNOPSIS 

The application of a fully automatic Philips PW 1220 X-ray spectrometer to the analysis of slag 
and silicate materials is described. 

The controlling software, written in BASIC, and the operational instructions for the automatic 
spectrometer as applied in this report are available on request. 

SAMEVATTING 

Die gebruik van 'n ten voile outomatiese Philips PW 1220 X-straalspektrometer vir die ontleding 
van slak- en silikaatmateriale word beskryf. 

Die beherende programmatuur, wat in BASIC geskryf is, en die bedryfsinstruksies vir die 
outomatiese spektrometer wat in hierdie verslag gebruik word, is op aanvraag verkrygbaar. 
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1. INTRODUCTION 
The full automation of a Philips PW 1220 X-ray spectrometer is described in an earlier report1. 

The bulk of the work-load carried by the X-ray spectrometer before its automation involved the 
complete analysis of slag and silicate materials by a method developed at the National Institute for 
Metallurgy (NIM)2. As the advances in slag analysis have been towards a system of universal 
application, it is a logical final and most productive step for this type of analysis to be carried out on an 
automatic spectrometer. This report describes the application of the automatic spectrometer to the 
analysis of slag and silicate materials. 

2. IMPROVEMENTS TO SAMPLE PREPARATION 
The sample preparation is essentially the same ?s that described in an earlier report2, except that 

modifications have been made to the flux, the procedure for determination of the loss on ignition, and 
the treatment of samples containing metals. These modifications are described in the following 
sections. 
2.1. The Flux 

With the exception of sodium, which is determined separately3, all the elements are determined 
on glass discs prepared by fusion of the sample with the following flux mixture: 

sodium tetraborate (anhydrous) 50,00 per cent 
sodium carbonate (anhydrous) 10,52 per cent 
lithium tetraborate (anhydrous) 39.48 per cent. 

This flux forms a glass for a wide range of sample-to-flux ratios, dissolves a wide range of rock, 
mineral, and slag types, and the resulting fused-glass disc does not absorb significant amounts of 
water. Compared with the original flux, the new flux is more alkaline (sodium carbonate has been 
included) and has a lower melting-point. As a result, most of the samples analysed are more easily 
dissolved and hence the fusion times are shorter. 

2.2. The Amount of Sample and Flux 
The combined mass of the sample and flux is 7.8 g. Wherever possible, the maximum ratio of flux 

to sample is used. viz. 5, giving a sample mass of 1,3 g to 6.5 g of flux. If less sample is used, the mass of 
flux is increased so that the total mass of flux and sample is maintained at 7.8g and a satisfactory 
counting precision can be maintained; it is the usual practice not to take a mass of sample of less than 
0,2 g. However, for chromium-bearing minerals, it may be necessary for the mass of sample taken to 
be as low as 0.1 g. depending on the concentration of chromium in the sample. Under these 
circumstances, the sample must consist of material smaller than 200 mesh if the portion of sample 
taken is to be representative of the whole. The mass fractions of oxides in the monitor discs that are 
used for control of the analysis (reading) arc listed in Table 1. The mass fraction of any of the oxides 
analysed in the sample discs should not exceed the mass fraction of that oxide listed in Table 1, which 
can therefore be used as a guide in the selection of a suitable mass of sample. 

2.3. Preparation of Fusion Discs DISCS 
The sample and flux, after being thoroughly mixed, are fused in a platinum-gold crucible 

(platinum 95 per cent, gold 5 per cent) at the full heat of a Fischer blast-burner (1100°C). After the 
sample has dissolved completely, about 0.2 g of lithium nitrate is added to the molten melt, and 
heating is continued over the Fischer blast-burner for another ten minutes. This procedure causes 
oxidization of the elemental carbon and any ferrous iron. etc.. that may be present. The melt is cooled, 
its mass is measured, and it is re-fused. The melt is then poured into a graphite mould and pressed with 
a stainless-steel plunger. The mould and plunger are both preheated to 350°C. and the glass disc 
formed is annealed at 350°C for at least one hour. Samples that contain metallic fractions, silicon, or 
other constituents that will damage the platinum-gold crucible during the fusion procedure are 
pretreated before the fusion. The sample is digested with 5 ml of nitric acid and 2 ml of hydrofluoric 
acid (if silica is to be determined, the addition of hydrofluoric acid should be omitted) in a 
platinum-gold crucible on a sand-bath, and taken to dryness. Lithium nitrate (0.5 g) is then added 
direct on top of the dried sample in the platinum-gold crucible, followed by careful heating of the flux 
and the mixture at a low temperature over a blast-burner until effervescence ceases. Fusion is then 
continued at 1100°C, as previously described. 

3. LOSS ON IGNITION 
Samples ignited in air or oxygen gain or lose mass depending on the amounts of volatile 

substances they contain and the amount of oxidizable compounds present. It was established that 
many minerals, e.g., ilmenite. oxidize only slightly during ignition in oxygen at 1000°C, but gains or 
losses thus determined are not meaningful for analytical purposes. Ignition in an inert gas, e.g., 
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nitrogen, is much more satisfactory, a true assessment of the volatiles (usually carbon dioxide and 
water) being obtained. These figures can be quoted in a sample analysis. The loss on ignition for 
samples is determined by the placing of 0.5 g of sample in a tared 5 ml porcelain crucible. (The glaze of 
the porcelain crucible should have a high melting-point so that it does not adhere to the crucible tray.) 

The crucible containing the sample is placed in a crucible tray made of fire-brick (see Figure 1). 
The crucible tray and the crucible are then placed in a tube furnace in which there is a Purox tube with 
an internal diameter of 50 mm, an external diameter of 60 mm, and a length of 1000 mm. The 
temperature of the furnace should be 400 °C. heated under an atmosphere of high-purity nitrogen to 
1100°C. and then held at this temperature for 1 hour. The nitrogen flow rate is 1 litre per minute, and 
the nitrogen is dried by being passed through a tower of magnesium perchlorate. The tube-furnace is 
then switched off and allowed to cool to 600 °C. when the crucible h» pushed to the back of the Purox 
tube, and kept there until the temperature of the tube-furnace drops to 400 °C. The crucible tray and 
crucible are then placed in a desiccator and allowed to reach room temperature before being weighed. 

After the mass of the ignited sample has been determined, the percentage loss on ignition is 
calculated. For testing of the purity of the nitrogen, a sample of iron filings is subjected to the same 
procedure as that already described for samples. If the gain on ignition of a sample of iron filings is 
greater than 0,2 per cent, the cylinder of nitrogen being used must be replaced. 

In Section 6 it is shown that the BASIC computer programme requires, among other data, the 
sample-to-melt ratio of the unignited sample (SMU) and the sample-to-melt ratio of the ignited 
sample (SMI). 

The SMU is calculated as follows: 

„ . . , . Mass of unignited sample SMU = — ^ ; — . (1) Mass of melt 

The mass of unignited sample is determined by the factors described in Section 2.2. The mass of the 
melt is determined as described in Section 2.3. 

The SMI is calculated as follows: 

SMI = M a s s °f unignited sample x [(LOI/100) - 1] 
Mass of melt ' 

The loss on ignition (LOI) is determined as described in Section 3. The SMU. SMI. and LOI can be 
calculated by use of a desk-top computer. An Olivetti Programma 101 or 602 is used for these 
calculations at NIM. 

4. PREPARATION OF MONITORS 
Standard glass discs (monitors) are prepared, the same procedure being used as that described for 

the sample discs (Section 2.3). The mass of the melt is made up to 7.8 ± 0.001 g with flux after the first 
fusion to compensate for losses in the mass of the flux. The melt is then re-fused, and a glass disc is cast 
as it was for the sample. The mass fractions of the oxides of each monitor disc in the final melt are listed 
in Table 1. 

TABI.F I 

Mass (ructions of oxides in monitor discs 

Concentration as a mass fraction 
Oxide of the oxide in the melt 

MgO 0.08333 
A I A , 0.16666 
SiO. 0.16666 
P.O., 0.10220 
K 2 0 0.12500 
CaO 0.08333 
T iO, 0.08333 
Cr aO :, 0.01 2«) 
M n / ) , 0.16666 
F c 2 0 , 0.10000 
/ , rO s 0.08333 
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5. POSITIONS OF SAMPLE AND MONITOR DISCS 
For the analysis of samples to be carried out correctly, the sample and monitor discs must be 

placed in the magazine positions specified in Table 2. Figure 2 shows the magazine of the 
sample-loader in relation to the X-ray spectrometer and the numbering of some of the positions in the 
magazine. 

Table 2 lists the position numbers in the magazine for all trw monitors. 

TABLE 2 

Magazine position numbers for monitors 

Monitor Magazine position number 

MgO 1 
AIA. , 2 
SiO, 3 
PA* 4 
K ,0 5 
CaO 6 
TiO, 7 
Cr 2 Oi 8 
M n , 0 4 9 
F e A , 10 
ZrOj 11 

Sample discs are loaded in magazine positions 13 to 42. With the computer programme discussed 
in Section 6. not more than 30 sample discs can be analysed in any one run. 

6. OUTLINE OF THE BASIC COMPUTER PROGRAMME 
The BASIC computer programme sets instrumental parameters (Table 3) and controls the 

sample chamber and the sample loader. The user must specify the number of sample discs in the 
magazine and the first sample disc to be read, e.g.. 28 sample discs in the magazine, and analysis starts 
from sample disc number 12. The user can select any of the oxides listed in Table 2 for analysis in any 
one run. The number of repeated monitor readings and cycles for each oxide may be specified (see 
Figure 3). 

TABLE 3 

Instrumental parameters 

(An X-ray tube having a chromium target was used for all measurements) 

Analytical •Theoretical Bragg Counting X-ray X-rav 
Oxide line peak 'Background crystal and Collimator Detector time tube tube 

(Kor) If) angle 20 angle cut ^m s KV mA 

MgO Mg 136.72 133.00 ADP-101 460 Flow 24 40 60 
A I A Al 103.23 100.40 ADP-101 460 Flow 16 40 60 
Si0 2 Si 109.21 106,00 PET-002 460 Flow 10 40 60 
P A P 89.56 86.00 PET-002 460 Flow 4 40 60 
KA K 50,69 54.00 PET-002 160 Flow 4 50 4 
CaO Ca 45.20 49.00 PET-002 160 Flow 4 50 4 
T i 0 2 Ti 36.67 39.00 PET-002 160 Flow 4 30 4 

C r A / Cr 107.02 104.00 LiF-220 460 Flow and scintillation 24 60 40 
MnO Mn 95.13 91.00 LiF-220 160 Flow and scintillation 4 60 30 
F B A T Fe 85.73 82.00 LiF-220 160 Flow and scintillation 4 60 40 
ZrO a Zr 32,10 27.00 LiF-220 160 Scintillation 4 50 20 

" The computer programme searches for the peak of the analytical line of each oxide measured. The theoretical peak and background lines arc 
then adjusted by the addition of the difference between the theoretical peak and the actual position of the peak to the 20 angles listed in Table 3. 

+ A titanium primary-beam filter is positioned when chromium is being measured. 
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The user must then enter the percentage concentration of fluorine and sodium monoxide, and the 
SMU and SMI values for each sample disc on the magazine. For the calibration of the goniometer, the 
20-angle position at which the goniometer happens to be is entered as a negative angle. The system 
consisting of the X-ray spectrometer, the sample loader, and the computer will now automatically 
read and calculate the results of all the sample discs. Sample discs are read in batches of three for all 
the oxides, and the results of the batch are calculated and printed out. After all the sample discs on the 
magazine have been read, the automatic X-ray spectrometer will switch itself off 

A vacuum radiation-path is used for all the measurements. For elements having atomic numbers 
higiic. than that of phosphorus, a vacuum radiation-path is used so that the possible build-up of 
argon-methane gas in the sample and crystal chambers can be avoided, and not because increased 
sensitivity is necessary. An interesting feature of the computer programme is that it rejects spurious 
counts (at NIM's present premises voltage fluctuations of the mains and electrical noise from the 
mains are greater than normal). For a measurement at any 28 angle, spurious counts are rejected by 
the repeated taking of counts until the absolute difference between the last count and any one of the 
previous counts is less than three times the square root of the last count. The two counts that satisfy 
this criterion are added together, and the total count is accepted as correct. All the other counts taken 
are rejected. It was observed that, after the implementation of the sub-routine for the rejection of 
spurious counts, the counting statistics improved significantly. Counting times can therefore be 
reduced. 

7. ANALYSIS TIMES, AND ACCURACY AND PRECISION OF RESULTS 
Before automation, 24 samples required 27 man hours for analysis. The time (excluding time 

spent on the preparation of samples) for the analysis of 24 sample discs for all the oxides listed in Table 
1 was 19 hours, which includes processing and printing of the results and one man hour for the loading 
of the sample loader, checking of the X-ray spectrometer, and typing in of SMU. SMI. fluorine, and 
sodium values. Also, the automatic spectrometer is usually run overnight, thereby utilizing instrument 
time that would be otherwise lost, and releasing the instrument for development work during the day. 

The accuracy and precision of results were found to be similar to those given earlier2. The 
correlation is to be expected since the method of analysis used is essentially the same as that used 
before, the only difference being that this investigation used an automatic X-ray spectrometer for the 
reading of the samples. 
8. CONCLUSION 

The BASIC computer programme described in this report enables an automatic X-ray 
spectrometer1 to be applied to the complete analysis o f slag and silicate siimples. which has resulted in 
a much shorter analysis time and the achievement of greater productivity. 
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Two repeated monitor readings 
Two cycles for each oxide 

M = a monitor reading (net peak) 
S = » sample reading (net peak) 

Two repeated monitor readings 

S disc 3 

Two repeated monitor readings | M 

S disc 3 
í M 

Two repeated monitor readings ] M 

S disc 1 
S disc 2 First cycle 

S disci 
S disc 2 Second cycle 

Ï 

J 

FIGURE 3 Example of reading sequence 


