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The SPES ISOL facility at INFN-LNL
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The SPES target-ion source



The SPES target
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SPES (ISOL) target requirements
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Target working conditions:
• Many days of continuous operation (10 ÷ 15)

• T = 1600 ÷ 2000 °C, even more in some cases
• 10 kW power
• High vacuum

• Radiation (p, n, g, a, b, …)

Carbide/carbon composites
(UC2+2C, TiC+2C, ThC2+2C, …)

Two sets of properties to optimize: nanostructure-porosity and thermo-mechanical

Open porosity and nanostructure to obtain fast release of isotopes High thermal properties to efficiently dissipate heat



ISOL target material research in Europe and worldwide
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How to produce: standard technique
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La2O3 + C after pressing LaC2 + 2C after heat treatment

Optimization of properties by:
• Choice of carbon/metal precursors

and additives
• Heat treatment parameters

S. Corradetti et al., Nuclear Instruments and Methods in Physics Research B 488 (2021) 12–22

TiO2 (micro) + 5C (graphite) → TiC + 2C + 2CO
Total porosity 60 %

Porosity type Mainly open, macro

Specific Surface Area Negligible

Activity in collaboration with UNIPD: DFA, DII, DTG



How to characterize: porosity and micro(nano)structure
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Helium pycnometry to characterize porosity Scanning electron microscopy to study microstructure Gas physisorption to calculate pore size

Gas permeability to characterize open porosity Transmission electron microscopy to study nanostructure Gas physisorption to calculate specific surface area



How to characterize: thermomechanical properties
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Structural characterization

Thermal characterization

Obtainable data: emissivity and thermal conductivity

Obtainable data: critical stress 
under irradiation, probability
of survival under irradiation
without undergoing failure

M. Manzolaro et al., Materials 14 (2021) 2689

M. Manzolaro et al., Review of Scientific Instruments 
84 (2013) 054902

Activity in collaboration with UNIPD: DII



Thermal and Structural characterization of a TiC/C target (T10.1)
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M. Ballan, S. Corradetti, M. Manzolaro, 
G. Meneghetti, A. Andrighetto, ‘Thermal 
and Structural characterization of a 
titanium carbide/carbon 
composite for nuclear applications’, 
(very) soon on Materials



Example of innovative target materials: use of sacrificial fillers
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K1

(*10-14m2)
fv

(vol%)

Total 
porosity 

(%)
PP fibers 6.5 24.8 51.7

Nylon 
fibers

5.3 21.5 55.3

PMMA 9.4 60.6 74.0

Fibers allow to obtain similar
permeability but with lower vol% 
of filler (lower total porosity) with 

respect to PMMA microspheres

S. Corradetti et al., Ceramics International 46 (2018) 4483

Activity in collaboration with UNIPD: DFA, DII, DTG
S. Corradetti et al., Ceramics International 42 (2016) 17764

Optimization of properties by:
• Choice of carbon/metal precursors

• Quantity and type of sacrificial fillers

• Heat treatment parameters



Example of innovative target materials: use of sol-gel

Stefano Corradetti, PRISMAP workshop on emerging infrastructures and technical developments, 22 November 2022 12

Optimization of properties by:
• Choice of initial reagents type, 

amount and proportions
• Temperature, pH of each

production phase
• Heat treatments parameters A. Zanini et al., Microporous and Mesoporous Materials 337 (2022) 111917

S. Corradetti et al., Ceramics International 46 (2020) 9596

Activity in collaboration with UNIPD: DFA, DII

TiiP + sucrose→ TiC + 2C
Total porosity 65 %

Porosity type Totally open, micro (< 2 nm)

Specific Surface Area Very high (650 m2/g) 

TiiP + ph. resin→ TiC + 2C
Total porosity 65 %

Porosity type Mostly open, meso (<50 nm)

Specific Surface Area Very high (530 m2/g) 



Example of innovative target materials: use of new U/C sources
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Activity in collaboration with JRC-Karlsruhe and UNIPD: DFA, DTG
L. Biasetto et al., Scientific Reports 8 (2018) 8272
S. Corradetti et al., Scientific Reports 11 (2021) 9058

Use of graphene as a carbon source:
• Improvement of thermal properties

• No effect on reactivity and reaction completion*

UO2 + 6C → UC2 + 2C + 2CO

ThO2 + 6C → ThC2 + 2C + 2CO

* If using graphene and not unreduced graphene oxide

nano-UO2 + MWCNTs→ ISOLDE nano-UCx!



Example of innovative target materials: use of fibers
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Use of dispersed carbon fibers:
• Porosity, but…

• Good thermal properties, and…

• Improved resistance to thermal induced stresses

Dense SiC SA Porous SiC-CfPorous fiber-free SiC L. Silvestroni et al., Journal of the European Ceramic Society 42 (2022) 6750
Activity in collaboration with CNR-ISSMC



The ISOLPHARM project

Stefano Corradetti, PRISMAP workshop on emerging infrastructures and technical developments, 22 November 2022 15

Isobaric Radioactive Ion Beam – excellent radionuclide purity

Secondary (deposition) target



The deposition target
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Deposition target

Radioactive Ion Beam

Deposited
radionuclide

ISOL(PHARM) Radionuclide Implantation Station (IRIS)

Deposition test on different 
implantation substrates.

The isobaric beam is collected on 
a substrate for further

dissolution to generate a 
solution for radiolabelling of 

pharmaceuticals



IRIS (ISOLPHARM Radionuclide Implantation Station)
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Ion Recovery
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Proton Beam

Mass separator

Deposition target

111Ag
111Cd

Target dissolution

Primary target
(UCx)

Chemical purification

Ionization and acceleration of RIB

107-Ag and 109-Ag

Different materials to get high 
resistance and radionuclide recovery



Production method
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• Sodium chloride

• Sodium nitrate

Saline

• Dextrates

• Cellulose

Pharma

Targets production

Production conditions
Mass variation

Pressure force variation
Pressing time variation

Activity in collaboration with UNIPD: DSF, DSC

M. Ballan et al., Applied Radiation and Isotopes 175 (2021) 109795
M. Ballan et al., Applied Radiation and Isotopes 164 (2020) 109258



Characterization
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Recent results
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