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Mini-SHINE Experiments

A 1 NH 2 ymyhESEIAIExperiment will irradiate aqueous urangllfate solutionsusing an
electron linac to:
¢ Study the effects of fission on targsblution chemistry and radiolytic e§fas generation
¢ Demonstrate the recovery and purification iio-99 from anirradiated targetsolution
¢ With the assistance of PNNL, sample off gas for Xe, Kr, and |
¢ Monitor pH, conductivity, and turbidity during irradiation

Phasel
A Linac will be operatednitially at 35MeV and 10 kW beam power on the target

A 5 L solution will be irradiated with neutrons generated through ganmmaaction in
tantalum target

A Themaximum solution power will bé 0.05kW/L

A Up to 2 Ci of M99 will be produced

Phase?

A Experimentwill be conducted at 35 MeV beam energy and up to 30 kW beam power
A 20 L solution will be irradiated with neutrons generateciidepleteduranium(DU) target
A The maximum solution power will #0.5kW/L

A Up to20 Ci ofMo-99 will be produced
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Mini-SHINE Progress

A Phase 1

¢ Conservative approach

A Irradiation of water, followed by sodiwbisulfate solutions, followed by urany!
sulfate solutions

A To verify all system components before producing fission products
¢ Radiation stability of components verified using Van de Graaff
¢ Water irradiations completed
¢ Sodium bisulfate irradiations near completiqmrrorrosion slowed progress
¢ Uranyl sulfate irradiations performed after final long Naki®B@diation

A Phase 2
¢ Equipment has been fabricated
¢ DU target fabrication near completion
¢ Experiments to begin after phase 1



Mini-SHINE Experiment Flow Diagram
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5 L Solution Irradiation Vessel

Nitrate/Sulfate

Cooling Water |
solution

Reflector

Electron Lead
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A5 Luranylsulfate solution in a 304SS vessel
ALarge access port for gas analysis, flow loop,
thermocouple, neutronflux monitor, etc.
A15-cm lightwater reflector/cooler

A Test of the target, gas analysis,
recombiner and gas collection
system using pure water was
successfully performed in April 2012




Target Solution Monitoring Glovebox

A pH, conductivity, and
turbidity measured during 1
irradiation ¢ done
remotely

A Up to 15 samples collecte(
during irradiation¢ done
remotely but retrieved
manually

A No significant changes in
pH, conductivity or
turbidity during NaHSO
irradiations

A FeSQadded to decrease
peroxide formation




Mo-Recovery Glovebox

A Titaniacolumn to capture Med9 from
irradiated uranium solution

A All operations are done remotely

¢ Processing will begin00 hours following
irradiation

¢ Target solution will be fed from the
irradiation tank

¢ Columneffluent will go to the dump tank
below the hot cell

¢ Cold feeds are located inside the glovebox

¢ Mo-product will exit the glovebox into a
shielded cask

A Up to 45 samples can be collected from
the feed, washes, and strip effluents

A Mo-product will be transferred to second
hot cell as early as possible




Concentration Column and LEModified Cintichem

A In a second shielded cell (bigfoot), the Mmduct solution will be concentrated by a factc
of ~15 using a much smaller column

¢ Mo-product from the second column will then be acidified for entry into the LEU Cintichem pr:
¢ Mo product will be concentrated down to 50 mL

¢ LEUModified Cintichem process will be used to purify Jgi@duct




NaHSQExperimental Results

Blue-colored solutions observed after contacting SS components irSHINE setup
Series of corrosion tests performedNaHSQmost corrosive; 0.5 mmir after 30 days
UG,SQ ¢ 0.05 mmr after 30 days

Low %Mo recovered afterticolumng adsorption or plating out in system

NaHSQ¢ more corrosive; ultimate goalg UO,SQ

> > D> D> D>

no NA 80% 88% 84%
no NA 88% 96% 62%
yes 80 48% 82% 64%
yes 300 80% 95% 70%

" % Mo recovered after evaporatiapnMo-product bottle broke;” % Mo recovered after evaporation ahé&UModified
Cintichem
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Gas Analysis System

GC/MS Table
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Off-Gas Recovery System

A All off- gases from experiment
will be collected and decay

stored

A Three cylinder system with
Increasing pressure
<0=>4.5=>3500 psig

A Automatically maintain pressure

in the solution vessel aB inches

of water
Final storage 6000 psig cylinder

Pumps inside vessels to prevent

pumps leaking into atmosphere
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