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Targets for nuclear applications

Nuclear structure
investigations

“WAr + 58Nj
6ONj + 89Y
0Ca + %Zr
%Ge + 2Mo
40Ar + 208Pp
4OAr + 232Th

40Ar + 2381

SHE production
« E114 (FI) = 244Pu(48Ca,xn)
« E115 = 283Am(*8Ca,xn)
« E116 (Lv) = 248Cm(*8Ca,xn)
« E117 = 249Bk(%8Ca,xn)
*E119 = 249BK(5°Ti,xn)
« E120 = 24Cm(54Cr,xn)
*« E120 =  28Cf(°°Ti,xn)

C/238U/C-Target produced @ GSI -
[Courtesy GSI Targetlab] Ti/?44Pu-Target produced @ JGU



Targets for nuclear applications

Ni

Y | Zr | Mo | Pb

Pu|Am|Cm | Bk

Cf

stable / available

Stable
Unlimited availability

Thick targets, foils,
often self-supporting

Production techniques:
- Rolling

- PVD

-CVD

- Sputtering ......

radioactive / rare

Unstable

Limited availability
High specific activity
(in some cases)
Production techniques:
- Painting

- PVD (%38UF, / 248Cm)

- Sputtering (%38U)

- Electrodeposition




High beam intensities = Rotating target wheels

0Zn-beam (10 ppA,334 MeV) on 2%8Pb-target (450 ug/cm? / C-backing)
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GANIL Target wheel. Courtesy C. Stodel



High beam intensities = Rotating target wheels

TASCA target wheel @ GSI: Backing:

 Target area: 6 cm? o Ti-foils (2 pm)

* 4 targets per wheel « Foils are glued onto Al-frame
* 12 mg per wheel @ 500 pg/cm?

Beam intensities:

DC-beam: 1-2 ppA

ulsed beam (25% duty cycle)
1 ppA ~ 4 ppA (Peak current




Actinide targets for SHE production

Requirements:

e Chemical purification prior to
deposition (if necessary)

 Recovery of used target material
(sooner or later...... )

 Small and simple set-up
* High deposition yield
 Target thickness: 500 pg/cm?

duction techniqu

Painting
e Sputtering (?33U)
« PVD (#%8UF,/243Cm)

Molecular Plating is the
only preparation method
or rare isotopes




Actinide deposition by Molecular Plating

Backing: 2um Ti-
Ultrasonic stirrer foil cleaned with
HCl, water,
isopropanol

Cooling water

mooZ>»

/mUOI—I>O

Actinide compound,

dissolved in o Pl
T - . Deposition time: :
isobutanol P ;Oy .;

3-6 hours . ]

Voltage: 100V - 1500 V
[Cell design according to H. Haba [RIKEN], TASCAOQ5, Oslo, Oct. 2005]



Deposition of actinides by MP




Deposition of actinides by MP

Molecular Plating

osition Yield: up to 90% for acti

ness: 500-1000ug/cm? possiblt
2 deposition step




Standard target characterization techniques

Deposition yield:

 a-particle spectroscopy
e y-spectroscopy

 Neutron Activation Analysis

Layer homogeneity:

* a-particle spectroscopy

 Radiographic Imaging

(Resolution < 200 pm)

[D. Liebe et al., Nucl. Instr. and Meth.
A 590 (2008) 145]



High beam doses = Change in layer morphology

244py-target irradiated with

Fresh 244Pu-target layer 18Ca. Beam dose > 5x1018




Properties of layers produced by MP

Studies on layer growth mechanism:

 Scanning Electron Microscopy (SEM) = um-resolution

 Atomic Force Microscopy (AFM) = 10-100 nm-resolution

Nd as model
element [A. Vascon et al., Nucl. Instr. and Meth. A 655 (2011) 72]

\J Studies on the hemical composition:
o X-ray Fluorescence (XRF)

 Photoelectron Spectroscopy (XPS)




Alternative target production techniques |
 Polymer-assisted deposition (PAD):

Metal-oxide mixed with polymer solution. Spin-coating of silicon
substrate with metal-organic film. Target thickness up to 600 pug/cm?
possible. No irradiation tests with actinide elements so far.

[M. Garcia et al., Nucl. Instrum. Methods A 613 (2010) 396] — __
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Target surface Cross section view



Alternative target production techniques Il

 Superhydrophobic surfaces:

Modification of a substrate with self-assembled monolayer (SAM)
of alkyl chains. Homogenious deposition of metal-oxide/nitrate
from aqueous solution by simple evaporation of single drops. No
irradiation tests with actinide elements so far. oo

[D. Renisch et al., Nucl. Instrum. Methods A 676 (2012) 84] soranes GUTENBERG

AN Alkyl chain Evaporate to dryness

Anchor group

Substrate

Evaporation of a single drop
of Am-241(nitrate) solution.
Activity distribution by RI:

Untreated Ti-surface Modified Ti-surface



Alternative target production techniques lll

« Intermetallic targets:

Molecular Plating of a lanthanide/actinide compound on a Pd
backing. Subsequent reduction by heating the target in a
hydrogen atmosphere. Formation of intermetallic Ac-Pd phases.
First in-beam irradiation tests performed. PAUL SCHERRER INSTITUT

[I. Usoltsev et al., contribution to TAN 11] IJ__

Gd-layer produced by MP Intermetallic phase



Targets for high intensity beams: Status

 Rotating target wheels used to distribute heat load

o Stable targets: Produced with a variety of
techniques and chemical compounds

e Actinide targets: For rare isotopes only Molecular
Plating is feasible to produce stable layers with
thicknesses 2 500 pg/cm?

« Beam intensities: ~1 pyA (DC-beam)
~ 4 pJA (Pulsed, 25% duty cycle)

 Target stability: Beam dose limit depends on target-
backing-combination



Targets for high intensity beams: Tasks

* Further investigation of alternative target preparation
techniques

 Systematic studies on target performance for beam
intensities exceeding 1-2 pyA (DC) and high beam
doses = beam time requirements

 Application of different analytical techniques to study
target layer properties (chemical- and physical-) prior
to and subsequent to irradiation in order to under-
stand target-backing-interaction

Is there a completely new approach for actinide target
preparation? Dream: ,,Self supporting“ actinide target

International collaboration irrevocable to develop
thin targets for high power applications
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