J6lu

Institut fur Kernchemie e GUTENBERG

UNIVERSITAT MAINZ

Preparation and characterization of actinide
targets for superheavy element production

K. Eberhardt?, Ch. E. Diillmann'23, S. Hoffmann?, J.V. Kratz?, B. Lommel?, C. Mokry?,
J. Runke?, M. Schédel?, P. Thorle-Pospiech?, N. Trautmann?, A. Vascon?, A. Yakushev?

lUniversity of Mainz, Germany ; 2GSI Helmholtz Center for Heavy lon

Research, Darmstadt, Germany; 3Helmholtz Institute Mainz, Germany JG ‘ U

« Target production by Molecular Plating

« Target characterization

 Recovery and purification of target material

ﬁ HELMHOLTZ

« Alternative target production techniques |Institut Mainz

TAN 11 — September, 06.-10. 2011 - Sochi, Russia


http://www.uni-mainz.de/
http://www.gsi.de/gsi.html

SHE production with actinide targets
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*E114 = 2*Pu(*®Ca,xn)
« E115 = 2Am(*8Ca,xn)
«E116 = 2%8Cm(*8Ca,xn)
«E117 = ?2*9Bk(*®Ca,xn)
*E119 = 249BKk(°°Ti,xn)
*« E120 = 28Cm(**Cr,xn)
«E120 =  24°Cf(°°Ti,xn)

‘rget thickness.......500 pglcrr.

Target production technique:

* Chemical purification prior to
deposition (if required)

 Recovery and chemical
purification of used target
material (sooner or later...... )

« Small and simple set-up

« Components easy to replace
to avoid cross-contamination

* High deposition yield

lectrochemical depositio
from organic media:

Molecular Plating




Rotating TASCA target wheels for high beam intensities

Arc-shaped target geometry |[|:> New Design: 2010

Active area: 6 cm? Beam spot: 8 mm

Active area; 1.4 cm?2

Beam spot 6 mm

Material consumption:
g per wheel @ 500 ug/c

Used in the production of element 114
Ch.E. Dillmann et al., Phys. Rev. Lett. 104 (2010) 252701

Used in search for element 120
To be used in the production of element 115




Rotating target wheel for SHIP

GSl target laboratory:

« 2 um Ti-foils produced by
cold rolling

 Foils are glued onto Al-frame
SHIP target wheel:

« Target area: 3 cm?

« 8targets per wheel

Active area: 3 cm?2 b i

1
1
;
1 Used in the production of element 116
i Used in search of element 120




Actinide deposition by Molecular Plating

Supporting frame with Ti-backing foil (2 pm)

Ultrasonic

Cooling w

Deposition yield: up to 90%
Target thickness: mg/cm?in a single

deposition step
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Cell design according to H. Haba [RIKEN], TASCAOQ5, Oslo, Oct. 2005



Deposition of Pu and Cm by Molecular Plating

Deposition conditions for Pu:

Solvent................ Isobutanol

Plating time.......... 6 h

Voltage................ 150 - 200 V

Current density.....1.4 mA/cm?

Stirring at............. 1200 U/min

Temperature.......... 15 C 250 kBq

Deposition conditions for Cm:

Solvent................ Isobutanol
Plating time.......... 3 h
Voltage................ 150 — 300 V
Current density.....0.7 mA/cm?
Stirring at............. 1200 U/min

Temperature.......... 15 C




Deposition of Pu and Cm by Molecular Plating

PU IUEGESEE  Deposition of Pu: Thickness

[Mg/cm?] [ug/cm?]
244py 401 * yield 60-90% 248Cm 454
244p 502 * Test runs with 23%Pu 248Cm 465
21y 490 * 800 pg/cm?possible 2480 458
e 290 * Cell made of Teflon "

- = strong Pu-adsorption i gl
244pPy 472 at PEEK-surface! 248Cm 462
244py 673 * Yield determination by 248Cm 463
244py, 724 a-spectroscopy and NAA 248Cm 463
244p 790 248Cm 460
244p 785 Deposition of Cm: 248Cm 371
239py 337 . 248Cm 373
o 220 * Yield > 90% i

u + Cell made of PEEK i 376
239Py 367 * Yield determination by 248Cm 376
239py, 350 a-spectroscopy and NAA 248Cm 375
239p|, 115 * Two production runs in 248Cm 373
—— o 2010 and 2011 228G 375
239p|, 425 248Cm 371




Direct yield measurement: a-particle spectroscopy

128 |

a-spectrum of Pu-target:
Poor energy resolution
—— Detector
96 -
64 | d =300 mm
Measure-time: 60s
Total-activity: 250 kBq
32 1 Activity ratio:
244PufTotal = 0.0031 <
ample
< m Y" >
0 | o e I
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Indlrect y|eId measurement NAA @ TRIGA Mainz
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Irradiation of 1 ml of 249Bk
supernatant solution 320d
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y-spectrum of irradiated 2*Pu solution (1 ml /10 ug)

16000
Irradiation time:....2 hours
14000 - Cooling time.:.....0.5 hours
Counting time:....... 10 min
12000 1 327 keV
10000 - 245Am
2.05h
2 B-0.9
S 8000 A Yy 253
S 308 keV

244 245
00 - Pu Pu
8x107 a 10.5h
253 keV o, 4.589; 4.546 B-0.9: 1.2
4000 A \ v 327; 560; 308

2000 V 560 keV
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Yield determination: a-spectroscopy and NAA

401 (+40)

472 (+47)

490 (+49)

390 (+39)

673 (167)

565 (+57)

673 (x61)

650 (+65)

724 (+65)

944 (£94)

790 (£71)

778 (£79)

785 (£70)

Activity ratio:
“Pu/Total = 0.003

239P

241Am
238Pu

= Limited precision in
yield determination by
a-spectrocopy

454 (+23) | 429 (+39)
457 (+23) | 454 (+41)
458 (+23) | 458 (+41)
460 (+23) | 458 (+41)
462 (+23) | 455 (+41)
463 (£23) | 458 (+41)
463 (£23) | 457 (+41)
465 (£23) | 435 (+39)




Deposition of Am and Cf by Molecular Platmg

Deposition conditions for Am:
Solvent................ Isobutanol
Plating time.......... 6 h
Voltage................ 150 — 200 V
Current density.....0.2-0.3 mA/cm?
Stirring at............. 1200 U/min
Temperature.......... 15 C

Solvent.....cccevnennnne. Isobutanol
Plating time............. 4-5h
Voltage......ccvveevnnenn. 300 - 600 V
Current density..........0.2 mA/cm?

Ultrasonic stirring......30 W
Temperature.............. 15 C




Deposition of Am and Cf by Molecular Plating

Deposition of Am: Deposition of Cf:

* Yield > 90% '
_ * Yield > 90%
e > 800 pg/cm2possible * Cell made of PEEK

* Yield determination
by y-spectroscopy

* Cell made of PEEK
* Yield determination
by y-spectroscopy

LA GESS
Cf [Mg/cm?]

Thickness
AM  Lgems

243Am (75) 249Cf (70)
- — - N

243Am 758 249Cf 484
oW, 24900 £

roduction of thick targets preparation of thin

ition test
ce sample for yield determination by y-spect
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243Am 634 249Cf 454
243Am 714




Target characterization: Radiographic Imaging (RI)
. Imaging plate
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Imaging plate LASER -ETECTOR

@ exposure to F gﬂ

active target

Surface
omogeneity

(resolution <200 um) [1]

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



Target characterization: Atomic Force Microscopy (AFM)

. Tl Nd as model element
@ Production of
target
|:> cantilever
_ AFM target
analysis

Surface
oughnes

@ Typical obtained image



Studies on layer formation: Atomic Force Microscopy (AFM)

Nd as model element

Deposition starts at spots (defects) on Ti-foil surface. Layer growth
and final layer stability strongly depends on original backing surface
roughness. Basic studies on layer formation and layer growth using
AFM in solution. [A. Vascon et al., Nucl. Instr. and Meth. A, in press]




Irradiation of Pu-244 targets with Ca-48 beam: Layer morphology change

Pu-244 target irradiated with

Fresh Pu-244 target layer Ca-48. Beam dose > 5x1018




Recovery of Pu-244 from used targets

2) f /\3)

4/5)

0.5 M HCI

1)
2)

3)
4)

S)

Cut-out Ti-foil from Al-frame

Dissolve in hot, conc. HCl in a
Teflon beaker

Evaporate to dryness and
re-dissolve in 8m HCI

Removal if Ti with anion-
exchanger DOWEX AG1X8.

Pu is eluted with 0.5 m HCI.
Pu-recovery 89% (by NAA)




Alternative target production techniques |

 Polymer-assisted deposition (PAD), LBNL work:

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

[M. Garcia et al., Nucl. Instrum. Methods A 613 (2010) 396]



Alternative target production techniques Il

« Superhydrophobic surfaces:

Modification of a substrate with self-assembled momolayer 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. [D. Renisch, Diploma Thesis, U. Mainz (2010)]

B8~ Alkyl chain
Anchor group

Substrate

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

Untreated Ti-surface Modified Ti-surface



Summary

Rotating target wheels for TASCA and SHIP
Molecular Plating of Pu, Cm, Am and Cf

Target characterization methods include
- a-, y-spectroscopy, NAA

- Radiographic Imaging (RI)

- Atomic Force Microscopy (AFM)
Recovery of used target material

New developments in target production
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Simultaneous deposition of 23°Pu and %*1Am

1,2
Deposition-test of 23°Pu
LK with 24LAm-tracer: Am
o \\ and Pu show the same
N \ deposition behaviour
T 08 A\
e AN
S AN\
c A\
% 06 \% The ?**Pu-activity can
= \‘\\\ be determined from a
S \s measurement of the
;‘:E 0 §I§\ total target activity!
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& 33—
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Deposition kinetics of Am

Prior to deposition and in subsequent 30-min steps 10 ul aliquot of supernatant
solution evaporated to dryness to prepare sample for a-particle spectroscopy

Am-243 content in solution [%]
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Chemical separation of Am and Pu

432 a

241 Am 244py stock solution contains 2**Am
from decay of traces of 24'Pu.

2.4x10% a 6563 a

Pu/Am/La
6 M HCI

0.5 M HCI

Pu-Am-separation (if needed):

1. Co-precipitation of Pu (and Am) with La(OH),
2. Dissolvation of precipitate in 6 M HCI

3. lon-exchange chromatography using
DOWEX AG 1X8 anion-exchanger. In strong HCI-

solution Pu forms anionic species that are retained.

= Pu is then eluted with 0.5 M HCI

L

Am/La

DOWEX
AG 1X8
column

LU




Purification of Cf-249 prior to use

7 N\ 3) 4) 5)
_8 N Cf/Al Fe... CH/Pb, Ti... CH/Pb, Ti... Ci
— 0.5 M HCI 1.5 M HCI
HCl 8 M HCI 8 M HCI
D 4 L L

1) DOWEX DOWEX
50WX8 > <G 50WX8 >
2) column column
Cf Pb, Ti Cf
1) Dissolve in 8 m HCI
2) Purification step with anion-exchanger BioRad AG MP-1M
3) Evaporate to dryness and re-dissolve in 0.5 m HCI
4) Removal of Pb, Ti... with kation-exchanger DOWEX 50W-x88.

S)

Cf is eluted with 8 m HCI. Almost 100% recovery




Purification of Cf-249 prior to use




244py stock solution

32000 -

24000 -+

16000 -

8000 -

Am 241
432.2 a

Am 243
7357 a

Other: <0.1 %

Pu 238 | Pu 239
87.74a | 2.4410°a

Pu 240
6545 a

Pu 241
14.35 a

Pu 242

Pu 243

3.7510°a  4.956 h

Pu 244
8.00107 a

Major part of the total activity

results from Am-241 decay
(from Pu-241)!

240Pu : 239Pu

244P

/

(

0.7%

241Am’ 238Py

1.3%

97.9%

241py : 0.092 atom% (1981)
241py : 0.024 atom% (2010)
241Am : 0.068 atom% (2010)
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