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The SPES ISOL facility at INFN-LNL
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The SPES target
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SPES (ISOL) target requirements

Target working conditions:
 Many days of continuous operation (10 + 15) |

e T=1600+ 2000 °C, even more in some cases ) .
_ Carbide/carbon composites
* 10 kW power (UC,+2C, TiC+2C, ThC,+2C, ...)

* High vacuum

e Radiation (p, n,y, a, B, ...) -

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

target external surface
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target external surface

Open porosity and nanostructure to obtain fast release of isotopes High thermal properties to efficiently
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ISOL target material research in Europe and worldwide
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ISOL target material research in Europe and worldwide
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How to produce: standard technique

Weighing raw materials

Grinding

Pressing LaC, + 2C after heat treatment

Vacuum chamber |-

Heat treatment(s) in high
vacuum furnaces

e TiO, (micro) + 5C (graphite) — TiC + 2C + 2CO
ik w1, - | Total porosity 60 %

\

. Control Panel

Optimization of properties by: L Porosity type Mainly open, macro
o . [!V » SN ] &5 =T . g . .
Chaice of carbon/metal precursors i S Specific Surface Area | Negligible

/K

* Heat treatment parameters

Water inlet
and outlet

Primary pump

- "\‘&\ Activity in collaboration with UNIPD: DFA, DII, DTG
_owersu ies ) 8 |9 AN
e — - 3 I\ o S. Corradetti et al., Nuclear Instruments and Methods in Physics Research B 488 (2021) 12-22
27 EU
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H to ch terize: thermomechanical ti "
OW 10 Characterize: thermomecnanicCal properties
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s a) sl Thermal characterization
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Obtainable data: emissivity and thermal conductivity
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Structural characterization

e _ , Obtainable data: critical stress
_ SiC Hexoloy SA SiC Hexoloy SP Wb . e . L .
o RIS under irradiation, probability
o O 400
a g- E ] o) . . . .
5 = = & . ° ofsurvival under irradiation
E E 20 % o o . . .
£ % a0 o without undergoing failure
s ¢ T 250 A
.;_E g A O SiCSA
= — = A i o e . . .
g T i %A/%’A “ e e Activity in collaboration with UNIPD: DII
: ¢ [ eyt R [ 150 ¥ —=-gemline=3ICsP M. Manzolaro et al., Review of Scientific Instruments
disc disc 0,=0¢ 0,=0¢ 100 84 (2013) 054902
B | periphery  (disc periphery) IsopEHphER) o . 1.000 1 1,2_00 y ,1300 " e o M. Manzolaro et al., Materials 14 (2021) 2689
average disc temperature under critical conditions Ty, ¢; (°C)
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Thermal and Structural characterization of a TiC/C target (T10.1) "
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Example of innovative target materials: use of sacrificial fillers

Raw materials + Sacr.filler

Grinding

Pressing

Heat treatment(s)

Optimization of properties by:
* Choice of carbon/metal precursors
* Quantity and type of sacrificial fillers

* Heat treatment parameters

e —

27 EU

* Blank
e Nylon
A PP

20 21 2I2 2I3 2I4 2l5 2I6 2I7 2I8 2I9 30
Theoretical weight loss (%)
Fibers allow to obtain similar
permeability but with lower vol%
of filler (lower total porosity) with

respect to PMMA microspheres
Total
[eJe] {114V

6.5 24.8 51.7
53 21.5 55.3
9.4 60.6 74.0

-15 2
k, (107 m?)

k, (107" m)

etotal (% )

Activity in collaboration with UNIPD: DFA, DII, DTG

S. Corradetti et al., Ceramics International 42 (2016) 17764
S. Corradetti et al., Ceramics International 46 (2018) 4483

100 +
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] N
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] 893 142683 359.94
0.1 T T T T T T
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60
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1 e Nylon N
= ] &4 PP
1 9
50 .
1 A
45 o Eat (%)
A L f.(wt%) Nylon PP
] 000 35.66
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Example of innovative target materials: use of sol-gel
Ti alkoxide sol
| alKOoXide SO 3 i
ﬁ openi b so0pe 1450°C B SaRh e
> — - — o e Total Porosity

\Zggun? o 60 ey
=
g
5 40+
o i
304
Ti<:>n\/c >T<:>Ti\/c>ﬂ j: :

NN NN 3R s s o Yoo oy

\ 7/ \C/ N / N/ 7(1)0 8(1)0 9(130 10100 11l00 12I00 13'00 14l00 15'00 16|OO 17100 1800
Temperature [°C]

Pressing

Heat treatment(s)

Optimization of properties by:

e Choice of injtial reagents type,
amount and proportions

e Temperature, pH of each
production phase

* Heat treatments parameters
e —

27 EU
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TiiP + ph. resin — TiC + 2C

TiiP + sucrose — TiC + 2C

Total porosity 65 %

Total porosity 65 %

Porosity type Mostly open, meso (<50 nm)

Porosity type Totally open, micro (< 2 nm)

Specific Surface Area Very high (530 m?/g)

Specific Surface Area Very high (650 m?/g)

Vacuum and gas flow line
3 —

® TiP sucrose 1000°C

4 TiP sucrose 1200°C

—w— TiP sucrose 1450°C
TiP sucrose 1750 °C vac|

=4
™
(i

¥

Alumina process tube :ﬁf_

(=]

T
Gg;h
)Q,

dV/dW (cm®g)
g 5
o*® =

0.2+

T T T T T T T
04 06 08 1.0 1.2 14 1.6 18
Pore width (nm)

©

Activity in collaboration with UNIPD: DFA, DIl
A. Zanini et al., Microporous and Mesoporous Materials 337 (2022) 111917

S. Corradetti et al., Ceramics International 46 (2020) 9596
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Example of innovative target materials: use of new U/C sources
nano_U02 + MWCNTS N |SO LDE nano_UCX! Will Any Crap We Put into Graphene Increase Its Electrocatalytic Effect?
Use of graphene as a carbon source: e i 214725 1300 102

Copyright © 2020 American Chemical Society | o\ 00 400 T THESE METRICS

* Improvement of thermal properties
P Prop Thermal conductivity UCx

¢ NO effeCt on reaCtiVity and reaCtion Completion* m UCx-graphite Biasetto et al. 2018 S.R. ® UCx-graphene Biasetto et al. 2018 S.R.
U0, + 6C — UC, + 2C + 2CO 0
9
ThO, + 6C - ThC, + 2C + 2CO . .
&
~
ThC,-GO ThC,-Graphite R .
= § ThC, # ThO, §§ L Z 6 . .
c §§ § § ! E o o ® hd ]
2 WMWW tO' § °OZ g > ® o o0 *° ¢ 2 =
> ~
5 +1h 30 min g 2., .m® -
= %Q 8 " gpmmEH "
2 Mibasiai ke | 4 T 3
L + 20 min 5 £
> Sy § § g v 2
i ; S g =
C § — 1
[0} § #
= S 0
- 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600
S Temperature (K)
s
)
- Activity in collaboration with JRC-Karlsruhe and UNIPD: DFA, DTG

22 24 26 28 30 32 34 36 22 24 26 28 30 32 34 36

20 (degree)
+ —* If using graphene and not unreduced graphene oxide
] Stefano Corradetti, PRISMAP workshop on emerging infrastructures and technical developments, 22 November 2022 13
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Exa

Use of dispersed carbon fibers:

* Porosity, but...

* Goo

* Improved resistance to thermal induced stresses

80

70

mple of innovative target materials: use of fibers

d thermal properties, and...

------ SiCSA [21]
- - =SiCSP[21]

D ~ —— SiC-Cf (this work)

-~ - = Fiber-free SiC (this work)

- ‘
- . -
- .-
- - -
e

600 700 800 900 1000 1100 1200 1300 1400 &
Temperature [°C] ’

Dense SiC SA Porous fiber-free SiC Porous SiC-Cf

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

Cumulative pore volume, mm3/g

Surface area, mm3/g
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PORE SIZE DISTRIBUTION -HP1860 1900 x5h
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1 10
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2
0 L
0
0.001 0.01 01 1 10 100 1000

Pore diameter, um

Activity in collaboration with CNR-ISSMC
L. Silvestroni et al., Journal of the European Ceramic Society 42 (2022) 6750
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The ISOLPHARM project

.

o » 0 | | 3@0 e ®Q@Q
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Proton Production Ex"agftion Mass
(C;I/Dcrllgsron) Target lonization Separation Secondary (deposition) target

Proton dripline

g 2 % r - 82 .
3Z 245F
Neutron dripline I @ p decay

o decay

eeeeeeeeeeeee

l @ spontaneous fission

e — ——— ———

Isobaric Radioactive lon Beam — excellent radionuclide purity
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The deposition target
ISOL(PHARM) Radionuclide Implantation Station (IRIS)

Deposition target

Radioactive lon Beam

Deposited
The isobaric beam is collected on radionuclide
a substrate for further

dissolution to generate a

solution for radiolabelling of Deposition test on different
pharmaceuticals

\_ -/ implantation substrates.
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IRIS (ISOLPHARM Radionuclide Implantation Station) C

LaBr; Detector IRIS

Detection
station

HPGe detector

| ] Stefano Corradetti, PRISMAP workshop on emerging infrastructures and technical developments, 22 November 2022 17
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lon Recovery

/Ionization and acceleration of RIB\

|
Setoe il Ml k.
00,500 |Gl -.
@ o® bor 1MAg \
) ®0g i il \ &
Primary target ® L 111 |
) Cd |
(UC, SO

k Depositi;)n target / < — >

\ 107-Ag and 109-Ag

Target dissolution A B C
- i
Chemical purification A
/ Different materials to get high
resistance and radionuclide recovery
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Production method

4 N\ 4 )

] e Sodium chloride e Dextrates
Targets production

e Sodium nitrate e Cellulose

Saline @ Pharma @

Production conditions

1

|

1

1

1 . .
" Mass variation
1

1

1

|

1

1

Pressure force variation

Pressing time variation

Activity in collaboration with UNIPD: DSF, DSC

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

e —
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Characterization

"97Ag 40keV on NaNO3

Porosity

Breaking load

) 4

Disaggregation

~

Metals deposition

Stefano Corradetti, PRISMAP workshop on emerging infrastructures and technical developments, 22 November 2022
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Recent results
Implantation depth Metals deposition

1 2 3 4 5 1 2 3 4 5
Implantation substrate Implantation substrate

________________________________ |
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