
Energie & Umwelt /  
Energy & Environment
Band/ Volume 336
ISBN 978-3-95806-172-9

En
er

gi
e 

& 
U

m
w

el
t

En
er

gy
 &

 E
nv

iro
nm

en
t

336

U
ra

ni
um

 M
ic

ro
pa

rt
ic

le
s 

fo
r N

uc
le

ar
 F

or
en

si
cs

Al
ex

an
de

r K
no

tt

M
em

be
r o

f t
he

 H
el

m
ho

ltz
 A

ss
oc

ia
tio

n

Energie & Umwelt /  
Energy & Environment
Band/ Volume 336
ISBN 978-3-95806-172-9

Production and Characterization of Monodisperse  
Uranium Particles for Nuclear Safeguards Applications

Alexander Knott



Forschungszentrum Jülich GmbH
Institut für Energie- und Klimaforschung
Nukleare Entsorgung und Reaktorsicherheit (IEK-6)

Production and Characterization of  
Monodisperse Uranium Particles for  
Nuclear Safeguards Applications

Alexander Knott

Schriften des Forschungszentrums Jülich
Reihe Energie & Umwelt / Energy & Environment	 Band / Volume 336

ISSN 1866-1793		  ISBN 978-3-95806-172-9



 

Table of Contents 

Table of Contents ............................................................................................................................................. 3 

Abbreviations .................................................................................................................................................... A 

Abstract  ....................................................................................................................................................... C 

Kurzzusammenfassung .................................................................................................................................. E 

Acknowledgments ........................................................................................................................................... G 

1. Introduction ............................................................................................................................. 1 

1.1 Needs and Goals ___________________________________________________________________________________ 3 

2. Scope of the Thesis ................................................................................................................. 4 

(1) Particle Production ________________________________________________________________________________ 4 

(2) Characterization Efforts ___________________________________________________________________________ 5 

3. Scientific and Theoretical Background ........................................................................... 7 

3.1 Particle Production ________________________________________________________________________________ 7 

3.1.1 Approaches for Particle Production ______________________________________________________________________ 7 

3.1.2 Aerosol Droplet Generation _______________________________________________________________________________ 9 

3.1.3 Droplet to Particle Conversion Kinetics and Thermodynamics_________________________________________ 12 

3.2 Particle Transport _______________________________________________________________________________ 19 

3.2.1 Phenomena of Particle Transport Mechanisms _________________________________________________________ 20 

3.2.2 Particle Collection – Sampling, Cut-Off Diameter _______________________________________________________ 27 

3.3 Micro-Analytical Techniques ___________________________________________________________________ 29 

3.3.1 Scanning Electron Microscopy (SEM) ___________________________________________________________________ 29 

3.3.2 Secondary Ionization Mass Spectrometry (SIMS) _______________________________________________________ 31 

3.3.3 Raman Spectroscopy _____________________________________________________________________________________ 34 

4. Materials and Methods ...................................................................................................... 39 

4.1 Aerosol Solutions and Particle Production ____________________________________________________ 39 

4.1.1 Aerosol Solution __________________________________________________________________________________________ 39 

4.1.2 Particle Production_______________________________________________________________________________________ 40 

4.1.3 Particle Transfer Techniques ____________________________________________________________________________ 46 

4.2 Analytical Methods ______________________________________________________________________________ 49 

4.2.1 Microscopy: Scanning Electron Microscopy and Optical Microscopy __________________________________ 49 

4.2.2 SE-Computation __________________________________________________________________________________________ 50 

4.2.3 Focused Ion Beam and Time of Flight SIMS _____________________________________________________________ 52 

4.2.4 Micro-Raman Spectroscopy ______________________________________________________________________________ 52 

4.2.5 SIMS Analysis _____________________________________________________________________________________________ 54 

5. Results and Discussion ...................................................................................................... 56 

5.1 Particle Collection _______________________________________________________________________________ 56 

5.1.1 Assessment on the Efficiency of the “One Stage Inertial Impactor” ____________________________________ 56 

5.1.2 Modified Inertial Impactor _______________________________________________________________________________ 60 



 

5.1.3 Cyclone Impactor _________________________________________________________________________________________ 63 

5.1.4 Conclusion ________________________________________________________________________________________________ 64 

5.2 Characterization of Particle Size and Morphology ____________________________________________ 64 

5.2.1 Overview __________________________________________________________________________________________________ 64 

5.2.2 Particle Size Distribution ________________________________________________________________________________ 65 

5.2.3 Characterization of Internal Particle Morphology______________________________________________________ 71 

5.2.4 Conclusion SEM Characterization _______________________________________________________________________ 85 

5.3 Particle Characterization with Micro-Raman Spectroscopy __________________________________ 88 

5.3.1 Reference Raman Spectra on Particulate Material _____________________________________________________ 88 

5.4 Particle Characterization with Secondary Ionization Mass Spectrometry __________________ 98 

5.4.1 Isotopic Analysis __________________________________________________________________________________________ 98 

5.4.2 Direct Comparison to existing QC-Materials and CRMs ______________________________________________ 103 

5.4.3 Assessment of Hydride Correction _____________________________________________________________________ 106 

5.4.4 Total Evaporation Experiments _______________________________________________________________________ 109 

6. Conclusions and Outlook ................................................................................................ 117 

7. Appendix ..................................................................................................................................... i 

7.1 Size Distribution Histograms ______________________________________________________________________ i 

7.1.1 SG150312_05A, SG150401_14A, SG150413_03A and SG150429_02A ____________________________________ i 

7.2 Shape Descriptors: Circularity ___________________________________________________________________ iii 

7.2.1 SG150312_05A, SG150401_14A, SG150413_03A and SG150429_02A __________________________________ iii 

7.3 Focused Ion Beam _________________________________________________________________________________ v 

7.3.1 Auxiliary Focused Ion Beam analysis on SG150401_14 ________________________________________________ viii 

7.4 EDX-Spectra _______________________________________________________________________________________ xi 

7.4.1 Polydisperse Batch: SG140521_02 ________________________________________________________________________xi 

7.4.2 Uniform Batches: SG141027_12A, SG150312_05A, SG150401_14A, SG150413_03A and 

SG150429_02A ___________________________________________________________________________________________ xii 

7.5 Micro-Raman Spectroscopy _____________________________________________________________________ xiv 

7.5.1 Uranyl nitrate Hexahydrate Spectra ___________________________________________________________________ xiv 

7.5.2 Raman Spectra of selected number of particles originating from CEA and TUW with a total spectral 

range of 100-3200cm-1 __________________________________________________________________________________ xvi 

7.5.3 Raman Spectra of UO2F2 – Double band at 867cm-1 __________________________________________________ xviii 

7.5.4 Raman Spectra of SG140521_02 _______________________________________________________________________ xviii 

7.5.5 Raman Spectra of SG141027_12A ______________________________________________________________________ xix 

7.5.6 Raman Spectra of SG141027_12A from CEA vs TUW __________________________________________________ xix 

7.5.7 Raman Spectra of SG150401_14A _______________________________________________________________________ xx 

7.5.8 Direct comparison of selected uranium compounds to particles produced at FZJ ____________________ xxi 

7.6 SIMS spectra_____________________________________________________________________________________ xxii 

7.6.1 Abundances of 234U, 235U and 236U of a selected number of particles originating from SG1040521_02 

and SG141027_12A ______________________________________________________________________________________ xxii 

7.6.2 238U-intensity plot for NBS-U010, IRMM-9073, SG140521_02 and SG141027_12A__________________ xxiii 

7.6.3 Certificate: NBS U010 __________________________________________________________________________________ xxiv 



 

7.6.4 Certificate: IRMM 9073 _________________________________________________________________________________ xxv 

7.6.5 TE-Spectra of SG141027_12A, ITU and IRMM-9073 __________________________________________________ xxvi 

7.6.6 Total Evaporation _____________________________________________________________________________________ xxviii 

8. Eidesstattlich Erklärung ....................................................................................................... i 

9. Disclaimer .................................................................................................................................. i 

I. Table of Figures ....................................................................................................................... ii 

II. References .............................................................................................................................. vii 

 



Energie & Umwelt /  
Energy & Environment
Band/ Volume 336
ISBN 978-3-95806-172-9

En
er

gi
e 

& 
U

m
w

el
t

En
er

gy
 &

 E
nv

iro
nm

en
t

336

U
ra

ni
um

 M
ic

ro
pa

rt
ic

le
s 

fo
r N

uc
le

ar
 F

or
en

si
cs

Al
ex

an
de

r K
no

tt

M
em

be
r o

f t
he

 H
el

m
ho

ltz
 A

ss
oc

ia
tio

n

Energie & Umwelt /  
Energy & Environment
Band/ Volume 336
ISBN 978-3-95806-172-9

Production and Characterization of Monodisperse  
Uranium Particles for Nuclear Safeguards Applications

Alexander Knott


	Leere Seite
	Leere Seite
	Titelei 336.pdf
	Leere Seite

	Leere Seite
	Leere Seite

