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Bird's Eye View: Oak Ridge National Laboratory

Overview of ORNL activities
related to nuclear target
science and applications

Stable isotope targets covered by
/ach, Conner, & Foster talks

Electrodeposition of Cf-251
targets for super heavy
element studies
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Targets for Neutron Scattering at ORNL Spollo’rlon

\

Neutron Source (SNS)
lon Source produces 2.5 MeV H-ions

Linear Accelerator increases H-ion
energy to 1 GeV

Proton Accumulator Ring bunches
the H-ions and passes them through
diamond stripper foll

Spallation Target circulates 20 tons of
mercury during irradiation with the
1.4 MW 60 Hz proton beam

Future upgrades include power
increase to 2.4 MW and a second
target station

o’ Images from: neutrons.ornl.gov

National Labor:

~1 um thick diamond
stripper foil used at SNS

ornl.gov /facility/cnms

Mercury target used to
produce neufrons

Tungsfen target
concept for second
target station




Radioactive Targets for Isotope Production

ORNL produces a variety of targets .

with radioactive material for isotope fargefs confain one or
. ) 45 more pellets and often

prOdUCTIOﬂ IN ﬂUC'GCIr reCICJfOrS Single / irradiated in arrays

Target materials include Ra, Np, & Cm /
for Ac, Pu, and Cf isotope production o

Thousands of NpO2-Al
AUTOmOTed Clﬂd remOTe pe”efs pressed per year

manufacturing are often required with automated system  |RESHSES
in glovebox -

Die clegning

Posfrji(rodio’rion charac’reriza’rjqn

Characterization
techniques include
nanoindentation, SEM,
TEM, LECO, thermal
desorption, and others
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Actinide thin films for science and applications

ORNL primarily supplies raw
radioisotope materials but can provide
manufactured targets if needed

Isotopes have included Cf-251, Cf-252,
and Am-241

>] Ciof Cf-252
electrodeposited for
fission fragment source

Recent R&D is focusing on real time Hot cell & glovebox

thickness, mass, and spectroscopy ’f,gg’;gggg,?;gf fj;;’gm%

Goal is to enable real fime control and
deeper understanding of process

Quartz Crystal
Microbalance for real
fime mass data
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Actinide thin films for science and applications

Example QCM data from La electrodepositions
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Quartz Crystal
Microbalance for real
fime mass data
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Electrodeposition of Ct-251
targets for super heavy
element studies




118 elements | 254 stable isotopes | >3000 radioisotopes

The Super Heavy
Elements (SHE) are an
exciting region to study!

m—— Proton Number s

= Neutron Number ==p
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Significant SHE research opportunities exist using actinide
targets

New elements 119 and 120
New heaviest isotopes of Og, Ts, Lv o B

251Cf + 58Fe — 309124* — 399124 +n,2n

» Light isotopes of Fl 1241124
« Excitation functions for >°Ti
: “ . ” 251Cf + 54Cp 1301 1302
» Potential “cold fusion” path to N=184 1221122
254Eg 4 50T 1300 1301
1211121
249,291Cf + Ti, 28Cm + Cr —  Fo0 149011201 120
249BK + 50T} 248Cpmn + 51V _, 219?19 219:9

293 [204 295 1296
118(118(118:i118

@203 204 |205
< |17 | 117 (117

249251Cf + 48Ca, 248Cm + 0Ti —,

249Bk + “8Ca (2n channel)

#4Pu + O — 2%0291Ly 200 291 [202 [203 [2904
(cross-bombardment and — (1161116 1116|1161 116 248Cm + “8Ca (2n channel)
°0Tj excitation function)

287 (288 [289 [290 1291
115115(115(1151115

239.240p + 48Ca i283 1284 (285 [286 (287 (288 [280 {290
(connect to nuclear mainland) 2114 114 (114 (114114114 (1141114
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Challenges of pushing beyond element 118

o Cross-sections are decreasing

« Beam intensities are increasing

e Heavier ions are needed

e Target materials are often limited

All aspects of SHE research must
be advanced to continue
discovery science
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In 2014, rare mixed californium isotope material was
recovered from decayed 22Cf sources at REDC

Target material
isotopics

249Cf 48.1%
20Cf 15.6%
21Cf 36.3%

~16 mg of californium was recovered 252CCf 0.01%
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Twelve 21Cf enriched target segments were produced
at ORNL using the isopropanol-isobutanol molecular
plating technique

Deposition method adapted from A. Vascon, et al., Nucl. Instr. And Meth. 655 (2011) 72
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An unknown film formed on the targets during irradiation
at the Joint Institute for Nuclear Research (JINR)
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Alpha spectroscopy showed the degrading quality of
the targets during irradiation

Low-energy tail indicates loss of
alpha energy from attenuation
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Data provided from Vladimir Utyonkov at JINR
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In 2016, the targets were shipped back to ORNL for
recovery of the californium material and reproduction of
the target segments for confinued studies

Large areas of the foils were missing
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Target segment dissolution and analysis

Few drops of Cation column
conc. HF purification
* Film mostly dissolved * Residual solids dissolved * 73% of original californium

mass recovered

Mass spectrometry

| analysis showed large
amounts of silicon in
the solid films
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New production method that results in an all-metal
support structure for the actinide film was developed

Electrodeposition redesign includes
- 1.5 um thick Ti foil is attached to unit with double-sided tape

— Graphite powder used to ensure the gasket does not stick to
the fitanium foil when removed

— Front frame section will be screwed onto disassembled
portion and guided onto the fitanium foil for assembly

Removable gasket
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New production methodology (continued)

1. Deposition unit disassembled 2. Top frame holder lowered 3. Frame screwed together
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Team decided double sector targets were needed,
requiring further refinement of production methodology
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Redesign of the well was critical to ensure distinct
deposition regions

After successful non-radioactive Sm tests on the bench and in the glovebox,
we were ready to produce the Cf targets!
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But then... two disasters...

First Cf target broke during assembly Second Cf target had low vield (22%)

Frame holder mechanism found to Grey deposit was found on the rim of
be too fragile for repeated use the graphite gasket
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Solution one: design a new target frame holder

Top of view of holder Push guide

Bofttfom view of holder

OAK RIDGE | mossescns Small details were critical to success, including magnetic screwdriver,
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Solution two: use a cork gasket
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Six Cf targets were successtully produced with an
average deposition yield of 94%

Deposition Percent Mass of Mixed
Number Yield Californium

Broken Target

2 22% 0.42 mg
3 7% 1.85 mg
4 98% 1.89 mg
5 0% 1.73 mg
6 4% 1.81 mg
7 88% 1.68 mg
8 95% 1.82 mg
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Summary

« ORNL is involved in a wide range of target production activities and eager
to collaborate

« One of ORNL’s roles in the Super Heavy Element community is to provide
transuranic material and, in some cases, transuranic targets

o Six Cf-251 targets were produced at ORNL to help discover new nuclides of
the heaviest elements

— Production process has faced separation and fabrication challenges
— Cadlifornium has been cleaned up successfully

- Challenges to fabricating targets without a gasket in the final assembly were
overcome

— Average percent deposition was 94% for six consecutive targets
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Questions?

E-mail: myhrekg@ornl.gov
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