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X-ray Fluorescence (XRF)

• XRF is very useful for analysing glass 

samples.

• It is important that originators of samples 

sent for XRF analyses should be aware of 

the process.

• XRF is a very useful technique with 

strengths and limitations.

• XRF is not a magic black box that produces 

results out of thin air!
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MagiX PRO XRF spectrometer

• Wavelength dispersive spectrometer.

• MagiX PRO scans over 10 different energy 

ranges.

• Rh anode for X-ray tube, see Rh 

fluorescence lines from the tube.

• Element range F-Am.

• Used for analysis of glass (and other 

samples).

• Glass samples made into fused beads.
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• XRF measurements for fused bead samples 

were done using the standardless IQ+ 

software package.

• However, these IQ+ results were only semi-

quantitative.

• More accurate results were needed.
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new OXI standards

• Standards made by mixing material of 

interest with 10g of Li2B2O7 (doped with 0.5% 

LiI) flux in a 95%Pt:5%Au crucible.

• Heat up to 1065ºC in Claisse LeNeo fluxer.

• Programmable automatic fluxer means the 

same temperature and heating time for each 

standard sample.

• Cool to form a fused bead.

• All OXI standards consist of an oxide 

dissolved in a fused bead.





OXI standards
starting OXI starting OXI 

material oxide material oxide

Na2CO3 Na2O Cr2O3 Cr2O3

MgO MgO MnO2 Mn3O4

Al2O3 Al2O3 Fe2O3 Fe2O3

SiO2 SiO2 ZnO ZnO

NH4H2PO4 P2O5 Sr(NO3)2 SrO

Li2SO4 SO3 Y2O3 Y2O3

K2CO3 K2O ZrO2 ZrO2

CaCO3 CaO BaCO3 BaO

TiO2 TiO2 HfO2 HfO2

V2O5 V2O5





new OXI standards

• Clay standard sample

• CRM-309 sillimanite

• CRM-348 ball clay

• CRM-375 soda feldspar

• CRM-376 potash feldspar

• CRM-525 low iron float glass

• CRM-528 standard glass sand

• CRM-531 low iron sand
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Li2B4O7 (with 0.5% LiI anti-cracking agent) flux.
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• measure intensities for a particular XRF line 

for each element, use standard samples.

• make sure it doesn't overlap another XRF 

line for an element of interest.

• also measure background points.

• insert composition of standards.

• not all standards dissolve in the flux to the 

same extent.

• some standards contain more than one 

element of interest.

Creating a new OXI program
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• Run each standard sample, measure 

intensities for each element of interest and 

background points.

• Also run a blank sample, just Li2B4O7 (with 

0.5% LiI anti-cracking agent) flux.

• plot calibration lines for each element.

• best fit through the points determines 

calibration coefficients.

• some elements have more points than 

others.

• some points can be deleted to improve fit. 

Creating a new OXI program
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• OXI uses calibration standards for various 
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XRF with "OXI"

• OXI uses calibration standards for various 

elements.

• OXI had been used at SHU before but 

standards did not include Ag.

• New batch of calibration standards made 

using Claisse LeNeo fuser.

• More accurate results than for IQ+













CRM-529 anorthic feldspar

Oxide Value (%) BASRID (%) diff

Na2O 5.564 5.251 0.313

MgO 0.007 0.041 -0.034

Al2O3 27.111 26.977 0.134

SiO2 56.543 57.661 -1.118

K2O 0.459 0.371 0.088

CaO 10.000 9.370 0.630

Fe2O3 0.316 0.329 -0.014



CRM-532 Swedish feldspar

Oxide Value (%) BASRID (%) diff

Na2O 4.283 4.244 0.039

MgO 0.153 0.172 -0.018

Al2O3 13.453 13.944 -0.491

SiO2 77.722 77.700 0.021

K2O 3.981 3.536 0.445

CaO 0.206 0.253 -0.046

Fe2O3 0.201 0.152 0.050



• measure intensities for a particular XRF line 

for each element, use standard samples.

• make sure it doesn't overlap another XRF 

line for an element of interest.

Creating a new OXI program





MagiX PRO

died in 2021
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arrived 2022
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• Wavelength dispersive spectrometer.
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• Primus IV F-Cm scans over 12 different 

energy ranges.

• Rh anode for X-ray tube, see Rh 

fluorescence lines from the tube.
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NewOXI program for Primus IV

• Use existing OXI standards from MagiX Pro 

and make new standards for other elements 

of interest.

• Then as before, measure intensities for a 

particular XRF line for each element, use 

standard samples.

• NewOXI standard calibration program.



NewOXI standards
starting OXI starting OXI 

material oxide material oxide

Na2CO3 Na2O Cr2O3 Cr2O3

MgO MgO MnO2 Mn3O4

Al2O3 Al2O3 Fe2O3 Fe2O3

SiO2 SiO2 NiO NiO

NH4H2PO4 P2O5 ZnO ZnO

Li2SO4 SO3 Y2O3 Y2O3

K2CO3 K2O ZrO2 ZrO2

CaCO3 CaO SrCO3 SrO

TiO2 TiO2 BaCO3 BaO

V2O5 V2O5 PbO PbO
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NewOXI we have a problem

• The NewOXI program was made using some 

of the older standards (made 4 years earlier).

• This did not always give accurate results, 

especially for samples containing light 

elements.

• The problem was particularly bad for Na2O 

and MgO.
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NewOXI solution

• As the old Na2O and MgO standards gave 

problems then make new standards. 

• Comparison of calibration curves with and 

without new standards shows the problems.



Old Na2O standards 

calibration.
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added to calibration.



New Na2O standards 

added to calibration.

Exclude old Na2O 

standards.



Sample 1 Sample 2

New OXI New OXI New OXI New OXI

2023 2024 2023 2024

Na2O 12.093 11.98(3) 12.220 11.814(8)

MgO 1.491 1.661(3) 1.496 1.67(1)

Al2O3 1.695 1.609(1) 1.661 1.596(3)

SiO2 71.497 71.74(3) 71.530 72.14(1)

K2O 0.651 0.964(3) 0.702 0.967(3)

CaO 10.904 11.022(8) 11.480 10.828(9)

Fe2O3 0.571 0.608(2) 0.558 0.560(1)



Sample 3 Sample 4

New OXI New OXI New OXI New OXI

2023 2024 2023 2024

Na2O 11.995 11.84(2) 12.177 11.82(2)

MgO 1.473 1.65(2) 1.499 1.67(1)

Al2O3 2.221 2.076(7) 1.663 1.600(4)

SiO2 71.183 71.53(2) 71.581 72.13(1)

K2O 0.691 0.959(2) 0.705 0.969(3)

CaO 11.343 10.754(9) 11.453 10.816(5)

Fe2O3 0.651 0.648(2) 0.571 0.573(2)





CRM-529 anorthic feldspar

Oxide Value (%) BASRID (%) diff

Na2O 5.471 5.251 0.220

MgO 0.039 0.041 -0.002

Al2O3 26.919 26.977 -0.058

SiO2 56.721 57.661 -0.940

K2O 0.591 0.371 0.220

CaO 9.317 9.370 -0.053

Fe2O3 0.282 0.329 -0.047





CRM-532 Swedish feldspar

Oxide Value (%) BASRID (%) diff

Na2O 4.212 4.244 -0.032

MgO 0.184 0.172 0.012

Al2O3 13.292 13.944 -0.652

SiO2 76.474 77.700 -1.226

K2O 5.320 3.536 1.784

CaO 0.203 0.253 -0.050

Fe2O3 0.189 0.152 0.037
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Conclusions

• NewOXI has been successfully transferred 

from the old MagiX PRO to the new Primus 

IV XRF spectrometer. Some of the original 

MagiX PRO standards were used to set up 

this program.

• However, there was a problem with 

measurements for light elements, particularly 

Na2O and MgO.

• This problem was solved by making fresh 

Na2O and MgO standards. Standard samples 

do not last for ever!
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Future work

• This program can be extended by making 

standards for new elements of interest, 

provided that a suitable XRF transition can be 

found that doesn’t overlap with any transitions 

for existing elements of interest.

• OXI is currently set up for fused bead 

samples containing lithium borate glass.

• However, the Primus IV can detect boron. It 

could be possible to have a BoronOXI 

program if suitable standards could be made 

for borate glasses (NOT FUSED BEADS).
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thank you for listening

Anthony.Bell@shu.ac.uk
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