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LARAMED project at INFN-LNL 45>

LARAMED project coordinator: J. Esposito
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LARAMED project at INFN-LNL 45>

LARAMED project coordinator: J. Esposito @
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R&D on innovative target manufacturing techniques

in the framework of the LARAMED project

to overcome the limits of standard techniques

Spark Plasma Sintering
Thick targets

for production

Magnetron Sputtering
Oral presentation by A. Kotliarenko — h.10:30

. High Energy Vibrational Powder > Thin targets for

Plating :
Oral presentation by S. Cisternino —h.9:40 nuclear XS studies
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R&D on innovative target manufacturing techniques

in the framework of the LARAMED project

to overcome the limits of standard techniques

Spark Plasma Sintering J
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G Spark Plasma Sintering (SPS) technique

Load/Hydraulic
press piston
v High heating rates (up to 1000 °C/min)
................... Water cooled v’ Very short sintering times (min instead of hours)
Vailjlrlfr? gheamber
: v Sintering of high melting point materials (metal or oxide)
g'\ §\\\\ \% v’ 99% efficiency=> No loss of isotope-enriched material
—; §E ‘ \\ Powder sample or . .
bl I\ \ materials A and B during manufacturing
NN N v’ Starting materials=> powder or foils

\ thermocouple
v Directly bonding of different materials> (target and

backing)

Typical experimental = Au protective thin layer in between instead of costly

tt11t

conditions: Au backings
Voltage 5-10 V . .
Curregnt intensity 103-10° A v 200 um - mm thickness pellet—> targets for production

Pressure 5-100 MPa

&cls August 22, 2022 - Sara Cisternino 5/16
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9 TT_Sinter SPS machine for LARAMED

S nglcated SPS machine
= tailored for targets e
manufacturing for research @I-:T\l

Istituto Nazionale di Fisica Nucleare
Sezione di Pavia

_ —— Components:
i\ = e — =i  water-cooled vacuum chamber
) e * vacuum system
* vertical single-axis hydraulic press
* specially designed water-cooled punch electrodes
* AC generator
e temperature and other sensors
* PLC controlling all the sintering parameters
e custom graphite punches and die

Vacuum
chamber

& v’ Very fast process cycle v’ Easy to use and maintain
&’ v Customizable tooling v’ Affordability
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e SPS technique...

...some examples
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SPS Cr targets for >2Mn production: different configurations

52 52
Target characteristics Cr(p,n)>*Mn
Dr. SINTER® Cr pellet: 10 mm x 410
model SPS1050 um; p.,~90% bulk
machine of Au: $20 mm x 25 um Dedicated dissolution system
Sumitomo |

7) l"ﬂ‘(’/[i’l H“

Cu: ¥23.7 x1.7 mm

Cr pellet: 10 mm x 400
um; p,~ 50% bulk

SPS prototype
@ University of

Pavia Nb: #23.5x 1 mm
Cr pellet: 10 mm x 430
TT_Sinter um; p,~ 66% bulk R
machine (LARAMED) Au: @20 mm x 25 pm [Sciacca et al., Molecules 2021]
Nb: $#23.5x 1.6 mm For more information contact G. Sciacca
'NEN 2 éb A st 22, 2022 - sara Cisternino 8/16
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SPS Cr target: Cr-Au-Cu

Target characteristics

Cr pellet: 10 mm x 410
Um; p,~90% bulk

Au: @20 mm x 25 pm
Cu: ¥23.7x 1.7 mm
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SPS Cr target: Cr-Au-Cu

Target characteristics | _f?aIyS|s after «cold» Cr dissolution

Cr pellet: 10 mm x 410
Um; p,~90% bulk

Au: @20 mm x 25 pm
Cu: ¥23.7x 1.7 mm

Thermo-mechanical irradiations tests at maximum
energy and current available

Energy 19 MeV*,
p+ current 50 pA
10 min

1.2 kW/cm?

* This energy was used exclusively for the thermo-mechanical test
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SPS Cr target: Cr-Nb

Target characteristics

Cr pellet: 10 mm x 400
Um; pe~ 50% bulk
Nb: #23.5x 1 mm

X

|IV attached to NE

n Nb Cron Nb

]
15[KV] SP=12 WD=16.8 x100 500.0[um] HV 15[KV] SP=12 WD=16.8 x100 500.0[um] HV
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SPS Cr target: Cr-Nb

Metallurgical analysis

s o o

Target characteristics

Cr pellet: 10 mm x 400
Um; pe~ 50% bulk
Nb: #23.5x 1 mm

Thermo-mechanical irradiations tests at maximum
energy and current available

Energy 19 MeV*#,
p+ current 50 pA B g e il
10 min o Nb =

1.2 kW/em?

Cron Nb

* This energy was used exclusively for the thermo-mechanical test LI B2 WOR(ER ol Smme W 180 BREAZ WORIEE: xion ate(en
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SPS Cr target: Cr-Au-Nb

Metallurgical analysis

Target characteristics

Cr pellet: 10 mm x 430
Um; p,~ 66% bulk

Au: @20 mm x 25 pm
Nb: $23.5 x 1.6 mm

EHT=25.00 kV WD= 22 nm
Width=285.82 p

g
)
)
f
)
f

% Cr, Nb and Au
wn
o

0 10 20 50 60 70 80

.40
Distance [um]
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SPS Cr target: Cr-Au-Nb

Metallurgical analysis
Target characteristics

Cr pellet: 10 mm x 430
Um; p,~ 66% bulk

Au: @20 mm x 25 pm
Nb: $23.5 x 1.6 mm

WD= 22 nm
Width=285.82 p

Thermo-mechanical irradiations tests at maximum
energy and current available
.

Energy 19 MeV*,
p+ current 50 pA

g
)
)
f
)
f

/ 2
/A . E
ey 3 10 min £so
1.2 kW/cm? i
0 10 20 30 . 40 50 60 70 80
* This energy was used exclusively for the thermo-mechanical test Distance [um]
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Typical SPS preparation steps

Pellet preparation starting
from powder

Support material
preparation

Pellet-substrate
bonding

WTTCI18
e —
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Enriched >2Cr targets

[UTERTEEESTTATAR

Irradiation at

16 MeV, 20 pA
30 min

Cr pellet: 10 mm x 550 um;
P~ 50% bulk

Au: 20 mm x 25 pm

Nb: #23.5 x 1.6 mm

The smallest
original
powder

1000 mg

s2Vin ylE\d and
s | - G purity are
| ' ‘ | : : der
The biggest Cryomill After Cr pellet: 310 mm x 460 pm; unc dion
original P~ 60% bulk investiga

milling

Au: $20 mm x 25 pm
Nb: #23.5 x 1.6 mm

powder

le di Fi

I
zi
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Y targets for 3°Zr production 39Y (p,n)89Zr

SPS target Y foil

Starting materials:
Y foil 150 pm x @ 12 mm
Nb disc 1 mm x @ 24 mm

SACRO CUORE
DON CALABRIA
an
| an
.-

T HEE)
~HEFE

R C C S

Irradiation
Y-Nb bonding 12 MeV, 50 llA
process
b e Saturation yield [MBq/pAh]
minutes
14.12 £ 0.38 14.33+£0.14
v’ Fast and efficient target manufacturing 94 + 4 9 *Zr recovery 96 + 0.14 %

technique: 1 step

@ DFO-Trast.uzumab labelling
Yield 100%

v’ Easy target handling with tele-pliers

v" Y-Nb high adhesion = improved
heat dissipation efficiency to &

_ _ Cisternino et al., Nuclear
withstand higher currents 0 At A o i

B

0 10 20 30 40 .’ 50 60 - ;,—0 MediCine and BiOIogy, 2022

Distance [um]
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SPS ZnO targets for ®’Cu production: first feasibility study...

...in the framework of INTEFF_TOTEM project (2021-2022, PI S. Cisternino)

Zn0 Zn
Melting temperature [°C] 1975 | 419.5

First pellets: @10 mm; thickness 600 um; 100% density

Thermal conductivity [W/mK] | low 116

2222222222

Pellet-holder Al prototype |
designed by G. Sciacca,
inspired by Loveless et al. 2020
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Future works and conclusions

SPS technology and TT_SINTER
LARAMED machine...

@ fits the requirements for
a suitable solid target
. negligible
material losses
desired target
material ...towards systematic target supply for
density
Can be applied I further studies
to different o L
materials 3 LL '?“M
jl@i{ “Ten ﬁ%ﬁ: ...for other emerging  %’Cu
et i i ] theranostic radionuclides 155Tb
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