Lesson 9

Publishing XRD Results
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Quality: Accurate + Precise

High Precision, High Accuracy Low Precision, High Accuracy
High Precision, Low Accuracy Low Precision, Low Accuracy  pins://phidgets.wordpress.com
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Quality of Rietveld Refined Data

XRD / Rietveld refinements are very difficult to validate:

Often no complementary analytical
technique available

Hardly any reference materials available

Refinement: Highly operator dependent

One option: Participate in round robins

A Compare your results with other labs

Round robin on CaP phase quantification
organized by RMS Foundation / Nicola D6belin
in 2012/2013
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Accuracy of Rietveld Refined Data

Round Robin Reference Sample:

Simple 2 phase system: HA + b-TCP
Very homogeneous distribution

No texture

No micro-absorption

Highly crystalline

Mean cryst size ~200 nm

A Nearly «Best Case» Scenario
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Accuracy of Rietveld Refined Data

Round Robin

12 Labs with 26 different instruments / configurations
analyzed the same powder

n=>5

Results returned from one lab/instrument:

TePuts) | HA W

1 28.01 71.99

2 28.22 71.78

3 28.49 71.51

4 28.29 71.71

5 28.20 71.80
Mean (Std.DeV) 28.24 (0.17) 71.76 (0.17)
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*p < 0.05

Accuracy of Rietveld Refined Data <001
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Laboratory:Configuration

Dobelin, N. "Interlaboratory study on the quantification of calcium phosphate
phases by Rietveld refinement.” Powder Diffraction, 2015 30(3): 231-241.

RMSh

------- Testing - Research - Consulting



Validation of b-TCP + HAp Quantification at RMS

b-TCP Nominal (wt-%)
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Quality of Rietveld Refined Data
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Detection Limits

Possible Definition of Quantification Limit (LOQ):

0 QHOD NE O ROW

Possible Definition of Detection Limit (LOD):

0 QHD ®DOE 0 QW
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LOD / LOQ Warning in Profex

File Edit Miew Project Run Results Instrument Window Help
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Refinement Protocol & X Global Parameters and GOALs (=4

G:/Rruftr Proj/s-Ruftraege/2016/516_0004 XRD Freib
Rip=19.99%, Rewpe=19.84%, X"=1.01518

Parameter / Goal Value ESD Value/ESD

el b b b 1A

B0 SOPLLY. ¥ N ¥ Y _j Ll_l_lll_ L
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Diffraction Angle [#26]

HAp/sum 0.9924 0.0023

1 m | arameters and GOALs & X

Wavelength: 15406 A Angle: 17.496°  Intensity: 494980 cts  d-Spacing: 5064 A Line0, Column 0 wuftr Proj/s-Ruftraege/2016/516_0004 XRD Freib
£0.36%, Rexp=19.82%, X°=1.05523

|| Parameter / Coal Value ESD Value/ESD

Remember: BGMN ESDs are —
very realistic! ) | |

|| Wavelength: 1.5406 A Angle: 17.496%  Intensity: 494,980 cts d-Spacing: 5064 A Line0, Column 0
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Guidelines for Reporting Phase Quantities

v For error barsuse 3:- ESD or 2.77 - ESD

3 - ESD = 99.7% repeatability limit, normal distribution
2.77 - ESD = 95% repeatability limit, t distribution [1]

¥ Report Values < LOQ as «< 4 - ESD»
Report 0.76 N0.23 as «< 0.92»

+ Report Values < LOD as «not detected»
Report 0.21 N0.11 as «not detected»

[1]ASTM E177-13: «Standard Practice for Use of the
Terms Precision and Bias in ASTM Test Methods».
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Graphs: XRD / Rietveld are «visual» methods
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