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GSI/Fair lon Irradiation Facilities FAR z==mur
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Research Activities FAIR ===

Radiation effects lon-track nanotechnology
in-situ analysis of radiation effects membranes
in bulk and nanomaterials nanostructures

FAIR relevant materials
beam-induced desorption
radiation hardness test
high pressure irradiations

. E 'v" s : \ X f" _,: i jv“r“ 71:’

User facility + irradiation service
support for external users
user samples (1 — 10" ions/cm?)
testing electronic devices

Philipp Bolz et al. Shock and Vibration 2021 (2021)
V. Velthaus et al. Vacuum 194 (2021)
M. Lang et al., Comprehensive Nuclear Mat. 2" edition V.1 (2020)
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Motivation

* Combination of ion track technology and electroplating is

powerful nanostructuring tool

* Low dimensional materials exhibit unique properties:
size effects influence transport

high surface to volume ratio

Nanowire Array
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Motivation FAR ==

* Combination of iontrack technology and electroplating is

powerful nanostructuring tool

* Low dimensional materials exhibit unique properties:
size effects influence transport

high surface to volume ratio
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Motivation

* Combination of iontrack technology and electroplating is

powerful nanostructuring tool

* Low dimensional materials exhibit unique properties:
size effects influence transport

high surface to volume ratio

* Nanowire networks ideal structure for applications:
mechanically self supporting
reliable electrical transport vs. damage
,nano” properties in macroscopic objects

low material usage
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Template Preparation: lon Irradiation FAR ==

UNILAC linear accelerator at GSI

lons: Au, Bi
UNILAC at GSI Energy: ~2.2 GeV

Fluence:

8_109i/~m?2
10°-10%em Polymer Foils

<= ~100 pm thick

M.E. Toimil-Molares, Beilstein J. Nanotechnol. 3 (2012)
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Template Preparation: lon Irradiation FAR ==

a) lon Beam ; ; 90° to b) 90°to c)

Irradiation defines number density of nanochannels and their alighment

Fleischer, Nuclear Tracks in Solids, University of California Press (1975) M.E. Toimil-Molares, Beilstein J. Nanotechnol. 3 (2012)
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Template Preparation: lon Irradiation FAR ==

: Each swift heavy ions generate damage tracks in polymers
e =, Se— . .
y Bl Irradiation effects:
» o) Chain scission
~ creation of unsaturated bonds
‘"“\-f; Formation of radicals
' ™ Outgassing of small molecules (CO,, C.H._,...)
Etc...
Fleischer, Nuclear Tracks in Solids, University of California Press (1975) M.E. Toimil-Molares, Beilstein J. Nanotechnol. 3 (2012)
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Template Preparation: Track Etching FAR =

\/\-/\/\_/\/\./I
6 M NaOH 50°C

Double jacket beaker A. Akimenko, JINR, Dubna (2004)

Etching conditions control size and shape of pores

M.E. Toimil-Molares, Beilstein J. Nanotechnol. 3 (2012)
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Pore Geometry: Control

FAR E=x

Array / Cylinder

Array / Conical

P.L.J. Lee et al., N. Ulrich et al.,
Nanotechnology 32 (2021) Nanomaterials 11 (2021)

Array / Bullet

Network / Cylindrical

G. Laucirica et al.
Nano Energy 71 (2020)

e

o

L i e

L. Movsesyan et al.,
Nanomaterials 8 (2018)
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Pore Geometry: Material Influence FAR z=x

smooth
pore walls

S. Dutt et al. , J. of Mem-
brane Science 638 (2021)

Square pores

rough
pore walls
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G. Laucirica et al.,
Chem. Sci. 12 (2021)

Fischer et al. Naturwissenschaften 75 (1988) 57
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Electrodeposition in Templates FAR iz =1

Potentiostat
Ptgplr,, -
Cu-Working _I ounte

Counter
Electrode Electrode
] 1 [ |

W 01 O Lax

*SCE: Standard calomel electrode

SR T TR |11

Template with metal layer Electroplating Finished Sample

Parameters can be optimized for homogeneous growth with preferred crystallinity
M.E. Toimil-Molares, Beilstein J. Nanotechnol. 3 (2012)
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Electrodeposition in Templates

FAR ==

Potentiostat I | N ||
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*SCE: Standard calomel electrode

SR T TR |11

Template with metal layer Electroplating Finished Sample

Parameters can be optimized for homogeneous growth with preferred crystallinity
M.E. Toimil-Molares, Beilstein J. Nanotechnol. 3 (2012)

|IAEA-CN301-069 Slide 10

International Conference on
Michael F.P. Wagner

\ | #Accelerators2022
Accelerators for Research \

2 \ / 23-27 May 2022
and Sustainable Development AN AR



Finished Samples FAR =

Whole-area electroplating Structured localized electroplating

Use of structured electrodes allow localized electroplating and device fabrication
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Parameter ,Z00" FAIR ==

ion-Crachs
shape €lectrodes
Combination of ion track-etching and electroplating
gless! localized: &olymer ~ " .
Qx ") is an excellent tool to fabricated tailore
rough “cs . {\ pe O,
% © low-dimensional materials
>

\Q
mica 5%
nefwonkz hlerarchlcal structures
nanowires
control#*

cylinder

densit
devices array y

M.E. Toimil-Molares, Beilstein J. Nanotechnol. 3 (2012)
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Parameter ,Z00" FAIR ==

nelwont? hlerarchlcal structures
nanowires
control#*

cylinder

densit
devices array y

Cu and Au for catalysis

MW ZnO for photoelectrochemical
ion-ﬁ-acevs — watersplitting
shape €lectrodes
lymers
g\ags localized: pg yinets .
rough % Y & S ) °b Networks for
6/9 Q (P'c § thermoelectric applications

mica 5\

M.E. Toimil-Molares, Beilstein J. Nanotechnol. 3 (2012)
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ZnO/TiO, Photoanodes for Watersplitting FAR ==

Photoelectrochemical cell

Bias @
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§ Xe lamp /
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Electrolyte

* Light absoption causes charge carrier separation
* Charges diffuse to electrode surface and split water

L. Movsesyan et al., Nanomaterials 8 (2018) F. Yang et al. Zeitschrift flir Phys. Chem., 234 (2020)
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Photocorrosion FAR ==

Network with 4x2-10° i/cm?2, 150 nm wire diameter

Photocorrosion after 1h of reaction

Nanowires deteriorate, recrystalization occurs

L. Movsesyan et al., Nanomaterials 8 (2018)

International Conference on

IAEA-CN301-069 Slide 14 Michael F.P. Wagner Accelerators for Research

and Sustainable Development



TiO, Protection Layer FAIR m=mu

Network with 4x2-10° i/cm?, 150 nm wire diameter + 20 nm TiO, layer

before after

TiO, layer prevents photocorrosion

No or minimal corrosion after 3h of reaction

L. Movsesyan et al., Nanomaterials 8 (2018)
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Nanowire Networks vs. Films FAR ===

Linear sweep voltammometry under choped light Network 4x5-108 i/cm?2, 150 nm wire diameter
ZnO/TiO, network S
1 Zn0 network o y
ZnO/TiO, film 5%
“c 03- ZnO film £ T G
] i e y e’
< | o1k.s0, y
; pH 5.6 A
o v % it
T /
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S 01- P i
O o f/__‘ - | q/ —
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1 1 1
0.0 0.2 04 0.6 0.8 1.0 1.2
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Networks show higher photocurrents compared to bulk films

L. Movsesyan et al., Nanomaterials 8 (2018)
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Setup for Thermoelectric Characterization FAR ==

Seebeck coefficient @ 300K

Vacuum Chamber \

at ~10° mbar , , R T
@ Heating Wire el
i & -
= . . T f
= = @ Cooling Finger 8 - - ]
= = . Bl ~ 1
XX Nanowire Network/Array = =
= z =44 A i
= z @ Silicon Diodes to measure v =l i i
- = T, and T w4 >
2 i a an b B 0 ‘-" o
2 2 - S
@ Shielding S - & ceobock off ]
: . / eebeck effect:
@ Cu Heat Sink / Contacts = = _
-6 o — . _ i
@ Thermal Paste N - V=S5 (Tb Ta) 1
| y | . | K I L | L |
-04 -0.2 0.0 0.2 0.4 0.6
k Temperature control / Temperature Difference [K]
M.F.P. Wagner et al., Adv. Elec.Mat. 7 (2021) M. Cassinelli et al., Nanoscale. 9 (2017)
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Sb Nanowire Networks for Thermoelectrics FAR ==1r

1.2 T T ; T ' T T T T T T T T T T T T T T T T T T T
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114/ —=—1400m i 1 | —=—140 nm /i 1%
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Temperature [K] Temperature [K]

Size effect on electrical resistance, but no significant size effects on Seebeck coefficient

M.F.P. Wagner, PhD Thesis, TU Darmstadt 2018
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Sb Nanowire Networks for Thermoelectrics FAR ==1r

* Nanowire network: 150 nm wire diameter,
2.8-10° nanowires per cm?
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Networks have significantly reduced thermal conductivity which leads to increased thermoelectric efficiency

M.F.P. Wagner et al., Phys.Stat.Soli. 213 (2016)
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Future IR-Detectors FAR ===

front
Interconnection

@ JON DE TECH

Fabrication of nanowire structures and nanowire-based IR-Sensors based
on ion-track nanotechnology on a larger scale is feasible

Lindeberg et al., Sens. Actuat. A 105 (2003)
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Catalysis with Metallic Nanowire Networks FAR m=mr

F

Cu nanowire networks AU hanowire networks

Nils Ulrich Mohan Li
. "Er Owire ~140 nm
: _ Jom - 8.108 wires/cm?
- surface area increase factor > 300 (500 cm?) » optimization electrodeposition conditions
o CO; reduction in collaboration with AG Etzold (TU Darmstadt) » analysis before/after methanol oxidation reaction
o structural analysis by SEM and TEM - geometry-dependent wettability

performance and stability
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Summary

FAR E=x

* Nanowire networks are promissing structures for applications
in various fields

* Combination of iontrack technology and electroplating is a

powerful tool to fabricate tailored low dimensional materials

MW

shape electrodes
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Activities on Bi and Sb nanowires are part of Innovation Pool Project
MadQuanT
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