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Potential errors in XRF analysis are discussed and investigated with specific reference 
to the analysis of ilmenite samples. A selection of ilmenite samples was chosen and 
prepared using two XRF preparation techniques: pressed powder pellet and unroasted 
fusion bead. The merits of the two methods have been discussed in this paper for 
ilmenite analysis by XRF. Recommendations have been made regarding the use of 
pressed powder pellets especially with regard to the mineralogical effects that were 
evidenced during this investigation. The fusion bead technique was found to be far more 
accurate and able to meet short turnaround requirements provided the calibration 
methodology used is specific to the grade of samples analyzed. 

Introduction 

This paper provides a basic overview of the potential errors that can be encountered in 
a commercial laboratory using XRF as a analytical technique. The analysis of ilmenite 
samples illustrates the potential errors that can occur and the actions that can be taken to 
correct and even eliminate such errors. 

Ilmenite (FeTi03) is a metallic to sub-metallic mineral that is generally black in colour. 
It is a major source of titanium ore and a minor source of iron ore. It is used as a flux in 
blast furnaces, as an abrasive and mineral specimen. The titanium dioxide (Ti02) 

produced during the smelting process has found uses in the paint industry as a pigment 
for rubber, plastics, textiles, ink, cosmetics amongst others. Ilmenite is mined III 

Australia, Brazil, Russia, Canada and South Africa to name a few countries [1]. 

XRF analysis like other analytical techniques such as rCP-OES, AAS and rep-MS, is 
subject to errors which can be either random or systematic. In XRF, the random errors 
include: counting statistics, generator and X-ray tube stability and other instrumental 
errors. The systematic errors include those related to the sample i.e. absorption, 
enhancement, particle size effects and chemical state. Instrumental errors can also be 
classified as systematic errors. Once the equipment errors have been minimized then 
the remaining systematic errors are due to variations in the sample matrix - the matrix 
effects [2]. 

Absorption and enhancement effects are mathematically corrected for by XRF 
instrument's computer software using either MAC or influence coefficient equations. 
These equations, however, do not correct for errors in sample preparation, particle size 
or mineralogical effects etc. 
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Chemical effects can occur where variations in the chemical state (oxidation number) 
sometimes causes a wavelength shift and this occurs mainly for elements F through Cl. 

Particle size effects are generally classified as: grain size effects, inter-mineral effects or 
mineralogical effects. All of these effects may be of importance if the effective path 
length of the measured radiation is in the range of the particle size of the sample. The 
effective path length is the path length at which 99% of the initial radiation is absorbed. 
The ideal solution to this would be to grind the sample to less than one fifth of the 
effective path length, which in practice is very difficult and may only minimize the 
particle size effect. The other alternative is fusing with a suitable flux and thereby 
eliminating the particle size effects [2]. 

Most commercial laboratories offering XRF analyses use either the pressed powder 
pellet (also referred to as a powder briquette) or fused glass bead (fusion bead) sample 
preparation techniques. Each of these techniques has errors associated with it and in the 
case of pressed powder pellets it is the mineralogical matrix effects that are the most 
significant to overcome. With the fusion bead technique these mineralogical effects are 
effectively eliminated. Table 1 is a comparative summary of the advantages and 
disadvantages of the pressed powder pellet and glass fusion bead techniques. 

The fusion technique is often associated with the detennination of the LOl (loss on 
ignition) or GOl (gain on ignition) where a sample is typically roasted at temperatures 
between 950-1000DC for a few hours or more, depending on the sample type. The LOl 
detennination accounts for the loss of sample due to vo1atilization (e.g. H20 and CO2) 

whereas the GOl detennination accounts for the gain in sample weight due to changes 
in oxidation state. Pre-conditioning the sample, as described above, prior to fusing 
ensures a constant sample:flux ratio i.e. avoids dilution or concentration of the sample 
during the fusion process. In effect, it is the roasted material that is analyzed and using 
the nett LOl or GOl value, the concentration data is then calculated, on-line, back to the 
"as received" basis using the instrument software i.e. concentrations in the unroasted 
sample are obtained. 
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Table 1. Comparison ofXRF Sample Preparation Techniques 

Sample Preparation Advantages Disadvantages 
Technique 

Short preparation time -
<15min per sample 

Suitable for trace element 
analysis 

18g of sample required for a 
20g pellet 

Particle size effects 

Shorter analysis time than Mineralogical matrix effects 
fusion bead can be achieved 

Ideal for a production Surface roughness - analytical 
environment surface must have mirror

surface 

Pressed Powder Pellet Cost effective - minimal 
sample preparation 
equipment, consumables and 
personnel required 

Fusion Bead 

No particle size effects 

No mineralogical effects 

Homogeneous solid (glass) 
formed 

In-house standards may be 
prepared 

Only 1 g of sample required 
for a (1 +9) bead 
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Segregation problems 

Preferential orientation 

Hydration of pellets in humid 
atmosphere 

Cross contamination between 
pellets from dye set when 
pelletising or from loading in 
same cassettes, may occur 
when using XRF auto loader 

Longer preparation time 
required - up to 30min per 
sample 

Platinum ware (i.e. crucibles 
and moulds) expensive 

Presence ofmetallics or 
sulphides in sample can 
damage platinum ware 

Analytical surface of bead may 
be affected by the condition of 
mould 

Sample: flux ratio critical 

Crystallization of beads can 
occur 



The Southern African Institute of Mining and Metallurgy 
Analytical Challenges in Metallurgy 

Nicolle Krusberski 

Experimental 

Materials 

The pressed powder pellets were prepared using a binder mixture. The fusion beads 
were prepared using a 66:34 Li2B40 7:LiB02 pre-fused flux. 

Certification of Calibration Standards 

Fifteen ilmenite samples with Fe203 and Ti02 concentrations in the 35-53% and 48-
57% ranges respectively were selected to use as calibration standards in order to set up a 
powder pellet and a fusion bead (unroasted) calibration. To produce accurate 
concentration data to use as "certified" or nominal concentrations for these two 
calibrations, the 15 samples were prepared as roasted fusion beads, in duplicate, and 
analyzed using a calibration set up with a range of certified reference materials 
(CRM's). The "certified" XRF concentrations obtained for these 15 samples were also 
verified by ICP-OES. 

Preparation of Calibration Standards 

The fifteen ilmenite samples were then prepared in two ways: 
a) dried and fused - no roasting 
b) dried and pressed as powder pellets 

Two calibration programs were then created for the pressed powder pellet and fusion 
bead techniques and the analyses of Fe203 and Ti02 compared. 

Calibration Standard and Sample Preparation 

The granular ilmenite samples were milled using a swing mill. 

The pressed powder pellets were prepared by accurately weighing 18g of the milled 
sample into a weighing vessel. 2g binder was then accurately weighed and added to the 
vessel. The samples were then mixed in a swing mill. The mixture was then pressed for 
10sec with 20 ton pressure on a hydraulic press. 

The fused beads were prepared by accurately weighing 1 g of the sample and 9g of flux 
into a polytop, thoroughly mixing the mixture and then transferring it to a platinum 
crucible. The mixture was then fused using an automatic fusion machine with pre-set 
fusion parameters. 

Instrumentation 

A sequential WDXRF Spectrometer with Rh x-ray tube was used. The ilmenite pressed 
powder pellets and fusion beads were run on ilmenite specific powder pellet and fusion 
bead programs respectively. The XRF analysis parameters are detailed in Table 2. 
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Table 2. XRF parameters for Fe and Ti 
The applied current used was 50mA and the excitation voltage 50kV 

Element Line Crystal Angle 28 
Measurement Time (sec) 

Peak 

Fe Ka1 LiF220 85.661 20 

Ti Kal,2 LiF200 86.179 30 

The instrument software used the COLA mathematical model of matrix correction to 
produce a multi-variable regression (MVR) calibration line equation. 

Results and Discussion 

" " ConeentfatlO!l 

a) Pressed Powder Pellet 

" " " 

Bue Curve .... l1h Correeted " ICOLAI 

Ilme!lll9 fj 

" COntenlraUan 

b) Fusion Bead 

" 

Figure 1 a) and b) are the MVR calibration plots for the Fe Ka 1 line for the pressed 
powder pellet and fusion bead programs respectively 

Ihngnita 6.6 

11." .... 

" Con~entl!lU\)n 

a) Pressed Powder Pellet 

Bne Curve wllh Com::cted" jCOLAJ 

llmonito6.6 

b) Fusion Bead 

Figure 2a) and b) are the MVR calibration plots for the Ti Kal,2 line for the pressed 
powder pellet and fusion bead programs respectively 

The MVR's for the Fe Kal and Ti Kal,2 lines were compared in Figures 1 and 2 above 
and anomalies were found to exist between the two sample preparation techniques 
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where the pressed powder pellet calibration exhibited scattering while the fusion bead 
calibration remained fairy linear throughout for both elements. Those samples, 
especially Ilmenite 5 and 6, which did not correlate well with the "certified" values 
were not included in the calculation of the final MVR for future analysis of unlmown 
samples. It should be mentioned that it is important to use scientific rationale when 
omitting outlying data points so that the data points for unlmown samples are not then 
incorrect for a MVR which has all the data points lying on the regression line. Omission 
of too many outlying data points is a dangerous practice when it is known that the 
scatter is due to matrix effects. 

The anomalous calibration results are detailed in Table 3, together with the results 
obtained for the SARM 59 and 60 certified reference materials which were subjected to 
the same sample preparation techniques. The actual certificate value was used as the 
certified value for these two standards. For both Fe and Ti, the fusion bead technique 
produced far more accurate results than the pressed pellet technique. It was concluded 
that this is evidence of the matrix effects which cannot be corrected for in the pressed 
powder pellet technique unless the standards and samples are specifically matrix 
matched - this is no mean feat in a commercial laboratory but typically done in a 
production laboratory. 

The anomalous calibration results were further investigated and the samples themselves 
scrutinized with regard to the physical characteristics of colour and LOI value (Table 4) 
in comparison to the previously mentioned SARM standards. Ilmenite 5 and 6 were 
found to have a different colour and had a different LOI value indicating a different 
mineralogical composition and resultant matrix effect causing inaccurate powder pellet 
results when compared to the fusion bead results. Furthermore, in the powder pellet 
calibration there appeared to be different calibration lines for the different samples and 
those with a similar colour and LOI seemed to fit together on their own calibration. 

Table 3. Ilmenite calibration results: anomalies found between powder pellet and 
unroasted fusion bead techniques 

Sample 
Fe203 (%) Ti02 (%) 

Name "Certified" Powder Fusion "Certified" Powder Fusion 
Value Pellet Bead Value Pellet Bead 

Ilmenite 1 52.86 49.30 52.79 48.23 46.17 48.04 

Ilmenite 2 52.38 49.04 52.42 48.39 46.04 48.23 

Ilmenite 5 35.23 44.25 34.45 56.89 56.64 56.81 

Ilmenite 6 40.20 45.52 40.60 47.87 50.03 49.07 

Ilmenite 7 49.70 48.95 49.62 49.00 48.38 48.89 

SARM59 50.30 49.07 50.16 48.80 47.75 48.67 

SARM60 51.70 49.55 5l.68 47.70 47.24 47.64 
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Table 4. Physical characteristics of selected ilmenite samples and certified 
reference materials 

Sample Name LOI (%) Colour Sample Name LOI (%) Colour 

Ilmenite 1 -3.79 Grey-black SARM59 -2.49 Grey-black 

Ilmenite 2 -3.85 Grey-black SARM60 -3.07 Grey-black 

Ilmenite 5 2.52 Dark brown 

Ilmenite 6 4.42 Light brown 

Ilmenite 7 -1.90 Grey-black 

Further ilmenite samples were obtained and analyzed by XRF in order to determine the 
effect of drying and roasting on the sample preparation time in order to improve 
turnaround times. This is particularly pertinent to a production situation where accuracy 
may be less desirable than throughput rate (Table 5). Even though the "bad data points" 
were omitted on the powder pellet calibration to produce a better looking MVR, the data 
obtained for unknown samples remained incorrect. Overall, the fusion bead technique 
still produced far better quality results in terms of accuracy than the pressed powder 
pellet technique. Between the three pre-treatment stages for the fusion technique, the 
variation between the results was deemed to be acceptable. The results further show that 
it is possible for the ilmenite samples to be fused as received instead of roasted, should 
turnaround times be critical to the production process and the accuracy of data less 
critical. The time taken to fuse a sample that has been weighed on a as received basis is 
comparable to that 0'£ preparing a pressed powder pellet. However, the most accurate 
results will still be achieved when roasting the samples. 

Table 5. Comparison of variations ofXRF Sample Preparation Techniques 
(PPP refers to pressed powder pellet, FB refers to fusion bead) 

Sample 
Type of 

Fe20 3 (%) Ti02 (%) LOI (%) 
Preparation 

PPP 45.27 51.57 

1 FB - undried 39.46 52.21 
FB - dried 39.64 52.39 

FB - roasted 39.96 52.14 1.39 
PPP 45.96 53.18 

2 
FB - undried 39.99 53.88 

FB - dried 40.23 54.06 

FB - roasted 40.61 54.14 0.62 
PPP 45.35 53.83 

3 FB - undried 38.70 54.93 
FB - dried 38.74 54.93 

FB - roasted 39.32 55.14 0.88 
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Conclusion 

For the XRF analysis of ilmenite samples, the pressed powder pellet and fusion bead 
sample preparation techniques were compared and the pressed powder pellet technique 
found to be prone to matrix effects, a systematic error which can be eliminated in the 
fusion matrix. Even though all samples analyzed were ilmenites, their matrices would 
have to be more closely matched than was done in this paper, in order to produce an 
improved powder pellet calibration. This is not a simple task in a commercial laboratory 
where ilmenites of different grade and from different sources are to be analyzed. The 
unroasted fusion bead teclmique produces more accurate results and can even be 
modified in the pre-treatment step to fuse the ilmenite samples on a "as received" basis 
in order to minimize sample preparation times and increase sample throughput. The 
unroasted fusion calibration can further be improved by including more standards with 
LOT's matching those of unknown samples. 
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