ION-BEAM INDUCED STRUCTURAL AND CHEMICAL CHANGES
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Outline

* irradiation of targets made by Molecular Plating (MP)

* new approaches to target analysis

* new insights into the MP process and ion beam induced changes

* using lanthanide substitutes
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Model systems

SHE research

The 199Tm target after the bombardment
with the ”Au beam dose of
1 x 103 ions/cm?

The 199Tm target after the bombardment with
the 3°Cl beam dose of
2 x 10'* ions/cm?

The 243Cf target wheel after the
bombardment with the >°Ti beam dose of
4 x 10'7 jons/cm?

Jager, E., et al. J Radioanal Nucl- Chem 299 (2014) 1073-1079.




Scope of the ongoing target analyses

neutron activation analysis (NAA)

confocal Raman microscopy

nuclear magnetic resonance (NMR)

elastic recoil detection analysis (ERDA)
Rutherford backscattering spectrometry (RBS)
particle-induced X-ray emission (PIXE)

X-ray diffraction (XRD)

grazing incidence X-ray diffraction (GIXD)
atomic force microscopy (AFM)

confocal 3D laser scanning microscopy
scanning electron microscopy (SEM)

energy dispersive X-ray spectroscopy (EDX)
radiographic imaging (RI)
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Scanning electron microscopy of fresh MP thin films

La MP sample, 500 pg/cm?on a TASCA segment
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* mudcracking * mountains and valleys on the tiles
e brittle tiles * spheroidal substructures in the tiles




Analytical methods shown

e scanning electron microscopy (SEM) - morphology
e confocal Raman microscopy - chemical information

* jon beam analysis
e particle-induced X-ray emission (PIXE) - qualitative elemental distribution
e Rutherford backscattering spectrometry (RBS) - quantitative elemental composition
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Confocal Raman microscopy == I

1 fresh MP films, thickness 50 pg/cm? ; 0
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* Confocal Raman microscopy is suitable for investigating MP films
* No systematic connection to morphology

* MP films of different lanthanides show the same Raman spectrum

Spectrum shows carbonates and formates




Fluence series

Tm MP film, 250 pg/cm?, on 50 um Ti foil

e UNILAC irradiation:
8.6 MeV/u Au-197

* fluence series:
1011- 1013 jons-cm™2

 jon flux:
2 x 10° ions*cm2-s1

L
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F A I R e Carbon species disappears during irradiation

e Resulting chemical compound not identifiable via Raman

Tracy, C. L., et al. Phys. Rev. B 92 (2015) 174101
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lon beam analysis (IBA) of fresh Tm MP targets

fresh Tm MP film, 500 pg/cm?, on 25 um Ti foil preliminary data

3 MeV H*beam
7x5 um? beam spot size

thickness distribution of
the tiles and the
mudcracking

individual tiles selected
for RBS from the PIXE
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Barradas, N. P.; et al. Appl. Phys. Lett. 71 (1997) 291-293.



RBS of fresh Tm MP targets a1
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fresh Tm MP film, 500 pg/cm?, on 25 um Ti foil
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Fit of the RBS-data:
carbon and oxygen dominate the thin
film, nitrogen measurable.
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Barradas, N. P.; et al. Appl. Phys. Lett. 71 (1997) 291-293.




IBA of irradiated Tm MP targets

Tm MP film, 500 pg/cm?, on 25 um Ti foil

The 199Tm target after the bombardment with
the 3°Cl beam dose of
2 x 10'* ions/cm?

fresh Tm MP film

Tm-L intensity (a.u.)

e

irradiated Tm MP film
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SEM of irradiated Tm MP targets wgsimmsers. [

preliminary data

Tm MP film, 500 pg/cm?, on 25 pum Ti foil
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irradiated Tm MP film

The 199Tm target after the bombardment with
the 3°Cl beam dose of
2 x 10'* ions/cm?




SUMMARY

Molecular Plating produces not only oxides and hydroxides, but also carbon compounds.

 The carbon compounds are a mixture of formats and carbonates.

* Irradiation leads to the loss of carbon compounds in the MP thin films and the formation
of an unidentified oxidic compound.

* The thin films are compacted by irradiation, meaning that the newly formed chemical
compound likely has a higher density.

Kurth, F., et al. "Electroplating of neodymium iron alloys." IEEE, 2016.

Choi, J., et al. J. Nanomater (2016) 5140219.
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