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Brief Introduction to Sibelco 
 



Sibelco 



Sibelco 

North-America  

South-America  

Europe  

Asia  

Australia  
280 locations in 40 countries 



Ceramic Related Technical Centres 

Silica Sand 

Feldspar and Nepheline Syenite 
Plastic Clay and Kaolin 

Other Minerals 



  

Sibelco Group 

Sibelco is one of the top five industrial mining groups in the world, 

holding leading market shares across a number of key mineral groups 

Product 

Estimated 
Worldwide 

Market 
Position 

Silica Sand 1 

High Purity 
Quartz 

1 

Ball Clay 1 

Feldspathic 
Minerals 

1 

Olivine 1 



Sibelco and XRF 

 For QC: 

 Routine for dispatches of Glass Grade Minerals 

▪ Energy Dispersive – Fe2O3 and K2O 

▪ Fixed Channel if Al2O3 as well 

 

 For QA, exploration and calibration support: 

 High power sequential spectrometers 

 

 Several Thousand XRFs per week 

 ~10 Sequential spectrometers in Europe 

 >50 ED or Fixed Channel Instruments 

 

 XRD less common – support from ‘central’ laboratories 
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XRF Instruments and Sample Preparation 
 



XRF Instruments 

Powder XRD 
- Used for routine analyses - 

Wavelength Dispersive XRF 

Powder XRD 
- Used for research analyses - 

Energy Dispersive Scanning XRF 



Energy Dispersive XRF 

ED-XRF Ball Clay Pressed Pellet
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Energy Dispersive XRF 

ED-XRF Glass Sand Pressed Pellet
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Wavelength Dispersive XRF 

Channel Type Line X-tal Collimator Detector Tube filter kV mA

Fe1 Gonio KA LiF 200 150 µm Duplex None 60 50

Ti1 Gonio KA LiF 200 150 µm Flow None 40 75

I Gonio LA LiF 200 300 µm Flow None 40 75

Ca1 Gonio KA LiF 200 300 µm Flow None 40 75

K1 Gonio KA LiF 200 300 µm Flow None 40 75

Si1 Gonio KA InSb 111 700 µm Flow None 24 125

Al1 Gonio KA PE 002 700 µm Flow None 24 125

Mg1 Gonio KA PX1 700 µm Flow None 24 125

Na1 Gonio KA PX1 700 µm Flow None 24 125

3kW Rh Tube 

 

Crystals and Power Settings Optimised for Light Elements  



Gas Fusion 
XRF bead manufacture 

Electric Fusion 
Produces individual fused glass beads 

Kilns 
Loss on Ignition 

Pellet Press 
Non-glass XRF pellets 

Sample Preparation 



Pressed Powders or Fused Beads? 

 Pressed Powders 

 No Complex Equipment 

 Cheap 

 High Count Rates? 

 Sample Matrix still intact 

 

 Fused Beads 

 Complicated equipment (gas/electricity supply, etc) 

 Equipment and Platinum is expensive 

 Complicated to set-up correctly 

 Cost of flux is not insignificant 

 Glass (sample matrix removed) 

 Dilute: inter-element effects reduced 



Pressed Pellet vs Fused Bead 

y = 0.0058x + 2.3468

R
2
 = 1

y = 0.0115x + 1.6848

R
2
 = 0.9996
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Pressed Pellet vs Fused Bead 

y = 0.0024x + 0.0864

R
2
 = 0.9874

y = 0.0038x + 0.071

R
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 = 0.6581
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Calibration: CRMs or Primary Standards 

 BCS CRM 348 – Ball Clay 

 

 



Calibration: CRMs or Primary Standards 

 BCS CRM 348 – Ball Clay 

 

 



Calibration: CRMs or Primary Standards 

 Primary Standards 

 

 

 

Element Report Calib Drying min Mass Factor

Cpd Cpd  / C  / g

Si SiO2 1200 236.1600 1

Al Al2O3 1200 23.1250 1

Fe Fe2O3 700 1.5075 1

K K2O K2CO3 220 2.5929 1.4672

Ti TiO2 1000 1.2825 1

Zr ZrO2 1000 1.0800 1

Ba BaO BaCO3 220 1.3900 1.2870

Ca CaO CaCO3 220 2.1713 1.7848

Mn Mn3O4 MnO2 1000 1.2310 1.1398

Cr Cr2O3 1000 1.0800 1

Na Na2O Na2CO3 220 2.9844 1.7101

S S Li2SO4 220 3.7030 3.4287

S 0.2718

Mg MgO 1200 1.2825 1

W WO3 110 0.9375 1

Flux Correction factor



Calibration: CRMs or Primary Standards 

Flux 7.5000 g to 4 Sig. Figs 1.5000 g

% mass / g No. mass / g % % mass / g No. mass / g %

: :

0 0.0000 1 1.5000 100 99.67 1.4951 49 0.0085 0.33

0 0.0000 2 1.5000 100 99.33 1.4900 50 0.0172 0.67

5 0.0750 3 1.4250 95 99.00 1.4850 51 0.0257 1.00

10 0.1500 4 1.3500 90 96.50 1.4475 52 0.0898 3.50

20 0.3000 5 1.2000 80 95.00 1.4250 53 0.1283 5.00

30 0.4500 6 1.0500 70 90.00 1.3500 54 0.2565 10.00

40 0.6000 7 0.9000 60 85.00 1.2750 55 0.3848 15.00

50 0.7500 8 0.7500 50 85.00 1.2750 56 0.3848 15.00

50 0.7500 9 0.7500 50 :

60 0.9000 10 0.6000 40 99.67 1.4951 57 0.0064 0.33

70 1.0500 11 0.4500 30 99.33 1.4900 58 0.0129 0.67

80 1.2000 12 0.3000 20 99.00 1.4850 59 0.0193 1.00

90 1.3500 13 0.1500 10 95.00 1.4250 60 0.0965 5.00

92 1.3800 14 0.1200 8 95.00 1.4250 61 0.0965 5.00

94 1.4100 15 0.0900 6 :

96 1.4400 16 0.0600 4 99.75 1.4963 62 0.0038 0.25

98 1.4700 17 0.0300 2 99.50 1.4925 63 0.0075 0.50

100 1.5000 18 0.0000 0 99.25 1.4888 64 0.0113 0.75

100 1.5000 19 0.0000 0 99.00 1.4850 65 0.0150 1.00

: 97.00 1.4550 66 0.0450 3.00

99.67 1.4951 20 0.0088 0.33 95.00 1.4250 67 0.0750 5.00

99.33 1.4900 21 0.0179 0.67 90.00 1.3500 68 0.1500 10.00

99.00 1.4850 22 0.0268 1.00 90.00 1.3500 69 0.1500 10.00

Dried Sample

SiO2 Na2O

CaO

SiO2 Fe2O3 

Silica Calibration from Primary Oxides - Jan 2003

SiO2 Al2O3 

SiO2 BaO

SiO2 



Calibration: CRMs or Primary Standards 

96.50 1.4475 23 0.0937 3.50 :

95.00 1.4250 24 0.1339 5.00 99.67 1.4951 70 0.0050 0.33

95.00 1.4250 25 0.1339 5.00 99.33 1.4900 71 0.0101 0.67

: 99.00 1.4850 72 0.0150 1.00

99.67 1.4951 26 0.0050 0.33 96.50 1.4475 73 0.0525 3.50

99.33 1.4900 27 0.0101 0.67 95.00 1.4250 74 0.0750 5.00

99.00 1.4850 28 0.0150 1.00 95.00 1.4250 75 0.0750 5.00

96.50 1.4475 29 0.0525 3.50 :

95.00 1.4250 30 0.0750 5.00 99.67 1.4951 76 0.0050 0.33

95.00 1.4250 31 0.0750 5.00 99.33 1.4900 77 0.0101 0.67

: 99.00 1.4850 78 0.0150 1.00

99.67 1.4951 32 0.0073 0.33 95.00 1.4250 79 0.0750 5.00

99.33 1.4900 33 0.0147 0.67 95.00 1.4250 80 0.0750 5.00

99.00 1.4850 34 0.0220 1.00 :

98.50 1.4775 35 0.0330 1.50 99.67 1.4951 81 0.0056 0.33

97.50 1.4625 36 0.0550 2.50 99.33 1.4900 82 0.0115 0.67

95.00 1.4250 37 0.1100 5.00 99.00 1.4850 83 0.0171 1.00

90.00 1.3500 38 0.2201 10.00 95.00 1.4250 84 0.0855 5.00

85.00 1.2750 39 0.3301 15.00 95.00 1.4250 85 0.0855 5.00

85.00 1.2750 40 0.3301 15.00 :

: 99.67 1.4951 86 0.0170 0.33

99.67 1.4951 41 0.0050 0.33 7.4954 Flux

99.33 1.4900 42 0.0101 0.67 99.33 1.4900 87 0.0345 0.67

99.00 1.4850 43 0.0150 1.00 7.4906 Flux

95.00 1.4250 44 0.0750 5.00 99.00 1.4850 88 0.0514 1.00

95.00 1.4250 45 0.0750 5.00 7.4860 Flux

: 95.00 1.4250 89 0.2572 5.00

99.50 1.4925 46 0.0075 0.50 7.4301 Flux

99.00 1.4850 47 0.0150 1.00 95.00 1.4250 90 0.2572 5.00

99.00 1.4850 48 0.0150 1.00 7.4301 Flux

SiO2 

Cr2O3 

K2O

SiO2 S

SiO2 WO3 

SiO2 ZrO2 

SiO2 Mn3O4 

SiO2 

SiO2 MgO

SiO2 TiO2 



Calibration: CRMs or Primary Standards 

5.00 1.5000

Al2O3 1.4250 91 0.0750 Fe2O3 

Al2O3 1.4250 92 0.0750 Fe2O3 

Al2O3 1.4250 93 0.1100 K2O

Al2O3 1.4250 94 0.1100 K2O

Al2O3 1.4250 95 0.0750 TiO2 

Al2O3 1.4250 96 0.0750 TiO2 

Al2O3 1.4250 97 0.0750 MgO

Al2O3 1.4250 98 0.0750 MgO

Al2O3 1.3500 99 0.2565 Na2O 10 % Na2O, therefore 90 % alumina

Al2O3 1.3500 100 0.2565 Na2O 10 % Na2O, therefore 90 % alumina

Al2O3 1.4250 101 0.1339 CaO

Al2O3 1.4250 102 0.1339 CaO

5.00 1.3500

Fe2O3 0.0750 103 0.1100 K2O

Fe2O3 0.0750 104 0.1100 K2O

Fe2O3 0.0750 105 0.0750 TiO2 

Fe2O3 0.0750 106 0.0750 TiO2 

Fe2O3 0.0750 107 0.0750 MgO

Fe2O3 0.0750 108 0.0750 MgO

Fe2O3 0.0750 109 0.2565 Na2O Silica 1.275 g 10 % Na2O, therefore 85 % silica

Fe2O3 0.0750 110 0.2565 Na2O Silica 1.275 g 10 % Na2O, therefore 85 % silica

Fe2O3 0.0750 111 0.1339 CaO

Fe2O3 0.0750 112 0.1339 CaO

 [5 % by Mass of Oxide + 95 % Al2O3]% Oxide Mass Bead / g

Alumina Beads

a - Correction Beads

% Oxide Mass Silica / g  [5 % by Mass of each Oxide + 90 % SiO2]

Silica Beads



Calibration: CRMs or Primary Standards 

 CRMS 

 Limited range of elements covered 

 Vital Calibration Check Materials 

 

 Primary Oxides 

 ~ 200 Combinations for Main Calibrations: 

 Quartz Glass Sands 

 Quartz Sand Exploration and Mineral Processing 

 Clays – Kaolins and Ball Clays 

 Feldspars – Alkali and plagioclase 

 Beads at least in duplicate!!! 

 Used to Analyse Appropriate Local Minerals 

 In-house Secondary Standards 
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Glass Sands and Clays 
 



Challenges – Glass Sands 



Glass Sands 

 Require very low levels of: 

 Refractory Oxides – Cr2O3 

▪ Usually ICP as ~5 ppm 

 Colouring oxides – Fe2O3 

▪ 50 – 350 ppm 

 Becoming more challenging: 

 Solar Glass 

 Coated Glass 

 

 No alpha corrections required for dilute beads 



Glass Sand – Low Fe2O3 Calibration 

y = 0.0059x + 0.2287

R
2
 = 0.9963
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Challenges – Clays and Feldspars 



Clays and Feldspars 

 For dilute beads and primary oxides: 

 Linear calibration lines  

 Simple calculation of alpha corrections 

 

 Lachance-Traill: 

 C=c + m*I*(1+SaiCi) 

 

 Primary Oxides therefore reduces to single term 

 

 clay and feldspar.xls – Now as Slides 



a-Correction 

Silica Alumina Calibration

y = 6.712482x + 0.456435

R
2
 = 0.999963

y = 16.406430x - 49.409275

R
2
 = 0.996286
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a-Correction 

Silica Calibration - no a

y = 16.4064x - 49.4093

R
2
 = 0.9963

y = 18.1610x - 194.4349

R
2
 = 0.9991

y = 14.3792x - 6.3535

R
2
 = 0.9991
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a-Correction 

Calculated vs Actual % SiO2 - pre-calculation

y = 16.406x - 49.409

R
2
 = 0.9963

y = 16.406x - 49.409

R
2
 = 0.9963
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a-Correction 

m c

1 0

0 alpha

LSF 37292157



a-Correction 

Calculated vs Actual % SiO2 - post-calculation

y = 0.9998x + 0.0111

R
2
 = 0.9998

y = 1.0051x - 2.9497

R
2
 = 0.9963
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Fe2O3 a-Correction 

Additional Alphas

y = 16.321x - 1.077

R
2
 = 0.9998
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Fe2O3 a-Correction 

Silica Slope and Intercept from previous fit

y = 0.9998x + 0.0111

R
2
 = 0.9998
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Alpha Corrections Alumino Silicates 

Should be <1 for dilute beads 
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Mineralogy – XRF and XRD 
 



Mineralogy Refined Kaolin 

Powder X-ray Diffraction Refined Kaolin

00-046-1045 (*) - Quartz, syn - SiO2 - Y: 5.00 % - d x by: 1. - WL: 1.54056 - Hexagonal - a 4.91344 - b 4.91344 - c 5.40524 - alpha 90.000 - beta 90.000 - gamma 120.000 - Primitive - P3221 (154) - 3 - 113.010 - I/Ic P

00-031-0966 (*) - Orthoclase - KAlSi3O8 - Y: 5.00 % - d x by: 1. - WL: 1.54056 - Monoclinic - a 8.556 - b 12.98 - c 7.205 - alpha 90.000 - beta 116.01 - gamma 90.000 - Base-centered - C2/m (12) - 4 - 719.122 - F30= 

00-006-0263 (I) - Muscovite-2M1 - KAl2(Si3Al)O10(OH,F)2 - Y: 5.00 % - d x by: 1. - WL: 1.54056 - Monoclinic - a 5.19 - b 9.03 - c 20.05 - alpha 90.000 - beta 95.77 - gamma 90.000 - Base-centered - C2/c (15) - 4 - 93

00-014-0164 (I) - Kaolinite-1A - Al2Si2O5(OH)4 - Y: 5.00 % - d x by: 1. - WL: 1.54056 - Triclinic - a 5.155 - b 8.959 - c 7.407 - alpha 91.68 - beta 104.9 - gamma 89.94 - Base-centered - C1 (0) - 2 - 330.431 - F30= 35(0

2/6/03 Old(New) K72(70) M04(11) F18(17) - File: 230013338.raw - Type: 2Th/Th locked - Start: 2.000 ° - End: 70.019 ° - Step: 0.006 ° - Step time: 1. s - Temp.: 25 °C (Room) - Time Started: 0 s - 2-Theta: 2.000 ° - The

9/5/03 Old(New) K67(73) M16(10) F11(15) - File: 230011122.raw - Type: 2Th/Th locked - Start: 2.000 ° - End: 70.019 ° - Step: 0.006 ° - Step time: 1. s - Temp.: 25 °C (Room) - Time Started: 0 s - 2-Theta: 2.000 ° - The
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Quartz Standards and Crystallinity 
 



Quartz Standards and Crystallinity 

 Issue is Amorphous Content – 

 Is it really there? 

 

 Important for: 

 Respirable Silica Analysis 

 New STOT Labelling Regulations 



Quartz Standards and Crystallinity 



Quartz Standards and Crystallinity 



Quartz Standards and Crystallinity 



Quartz Standards and Crystallinity 



Quartz Standards and Crystallinity 



Quartz Standards and Crystallinity 



The End 

 

Sorry for being late 

 

 

 

Thank You for Listening 

 


