Lesson 8

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

----- Volume
Number

Round Robin Reference Sample:

- Simple 2 phase system: HA + b-TCP

Quantity [%0]

- Very homogeneous distribution

- No texture
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- No micro-absorption oo oa
Particle Diameter [um]

- 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:

“TCPutos) | HA o

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

HA Phase Quantity [rel. wt-%]

Precise Results | Accurate Results
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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.
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Uncertainty of Measurement

+ Random Errors A Precision
Determine 0 from N measurements:

+ Systematic Errors A Accuracy
Determine gowith reference samples

+ Combined Uncertainty of
Measurement

v+ Expanded Uncertainty of
Measurement (k=2)
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Validation of b-TCP + HAp Quantification at RMS

b-TCP Nominal (wt-%)
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Validation of b-TCP + HAp Quantification at RMS

104 Precision
- (random error)

Accuracy
(systematic error)

refined - nominal (wt-%)
o .
o
| \ |
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D=

-1.0 4 b-TCP signal drowns in counting noise
= systematic error
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Validation of b-TCP + HAp Quantification at RMS

2.0 ’ 3 HAP content (weight %)
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HAp Nominal (wt-%) Raynaud, S., Champion, E., Bernache-Assolant, D., and Laval, J.-P. (2001).
iDetermination of calcium/ phospho
apatites using X-ray diffractometry, 6 J. Am. Cer am.

Validated uncertainties of measurement
compliant with ISO 17025 accreditation
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Quality of Rietveld Refined Data

BGMN error propagation = very realistic estimate of {
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