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Radioactive Beams at ISOLDE in 2011 
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•  diffusion trough target material  → εD 1,2,…  
•  effusion to ion source  → εE  1,2,…  
•  ionization  → εI  1,2,…  
•  extraction/transport  → εT  1,2,…  

Production of Radioisotopes 

        1.4 GeV  
proton 

        
fragmentation 

238U 

142Cs 

11Li 
  

201Fr 

X 

Y 
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Target Material Distribution 

Ta 7% 

Ti 2% 

Y2O3 5% 
UC2 64% 

HfO 1% 
Pb 3% 

CaO 6% ZrO 3% 
ThC2 4% 

Sn 2% 
Ir/Ta/W 1% 

SiC 2% 

Target materials at ISOLDE in 2011 (2010) 
  
•  Actinides: 249 shifts out of 396 → 68% of total (72%) 
•  Actinides: 13 new units (12 new, 2 old) 
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Target materials at ISOLDE in 2011 (2010) 
  
•  Actinides: 249 shifts out of 396 → 68% of total (72%) 
•  Actinides: 13 new units (12 new, 2 old) 
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Extraction of Short-Lived Alkali Isotopes 

short-lived 30Na (48ms) from bulk Re surface ion source 
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Extraction of Short-Lived Alkali Isotopes 

short-lived 30Na (48ms) from bulk Re surface ion source 
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SiC Development (M. Czapski, S. Fernandes, et al.) 

ICE-TEMPLATING METHOD 
(CNRS/SG CREE* patent) 

Open prosity 
30 – 70 % 

*European R&D center of the market leader in SiC production 
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Yields on 31,32Ar measured by ISOLDE experiment IS476 – H. Fynbo and B. Blank. 
Turrion, M.; Urszula, H.-I. ISOLDE Yield Database. https://oraweb.cern.ch/pls/isolde/query_tgt (accessed December 1st, 2011) 
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New CaO target 
§  Correct material handling 
§  New production procedure 
â  Operation Temperature 
â  Proton Intensity 

Material studies 
§  Nanometric CaO Synthesis 
§  Sintering studies 
§  CaO reactivity 

Online tests 
§  Stable yields 
§  Higher Yields 

(650ºC) 

CaO Target Material Development (J.P. Ramos, et al.) 

Done for CaO, Y2O3, SiC, but... 

Ta 7% 

Ti 2% 

Y2O3 5% 
UC2 64% 

HfO 1% 
Pb 3% 

CaO 6% ZrO 3% 
ThC2 4% 

Sn 2% 
Ir/Ta/W 1% 

SiC 2% 
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Task 1: Synthesis of new actinide targets (CERN, INFN, IPNO)  
Subtask 1: Sol-gel synthesis in complex fluids 
Subtask 2: Nanostructures 
 
Task 2: Characterization of actinide targets (CERN, INFN)  
Subtask 1: Microstructure, porosity, specific surface, crystalline phase 
Subtask 2: Emissivity, thermal conductivity at high temperature 
 
Task 3: Actinide targets properties after irradiation (CERN, PSI)  
Subtask 1: Post-irradiation examination of target prototypes 
 
Task 4: Online tests of actinide targets (CERN, GANIL, IPNO)  
Subtask 1: Impact of pulse time structure on release and ageing properties 
Subtask 2: Analysis of the results-effusion and diffusion phenomena 

JRA: ActILab 
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Production Process: 
 
1. Blending UO2 and C powder 
2. Cold pressing into pills  
3. Carbothermic reduction of UO2 

UO2 + 6C → UC2 + 2C + 2CO(g) 

UCx pills used at ISOLDE 

Material Production 
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ρbulk= 3.5±0.8 g/cm3 
 

11.3 g/cm3 (TD) 
 
 
BET: 2.6±0.9 m2/g 

500µm 

How to model release properties of radioactive isotopes from this material?! 

Current UCx at ISOLDE 

K. Hallam et al., University of Bristol, UK see also: C. Lau et al., NIM B, 204, 246 (2003) 

40µm 
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Importation from Rosatom (Russia) of HD-UC pellets to CERN &  
online tests in November 2010: 

300 pills 
•  UC (235U:0.38%), 13.2mm diam., 1mm thick, 12.7g/

cm3,  
avg. grain 6 µm , UC2<4% 

High Density UC Target at CERN 
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[1] V. N. Panteleev,  
 et al.,  Eur. Phys. 

 J. A 42,  
 495-501 

(2009) 
[2] V. N. Panteleev, 
EMIS-15, June 25, 

 (2007) 
 

Yields from HD UC 

HD absolute yields @ ISOLDE (450g) x2 to x10 lower than from conventional UC targets (≈100g) 
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zoom on the porosities (! 5000, SE mode) 

 
in a pore, on the fracture (! 20000,SE 
mode) 

Sandrine Tusseau-Nenez (IPNO) 

10µm 2µm 
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Swiss Light Source (SLS) 
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Fluorescence EXAFS 

Results from first X-ray absorption experiments on UC 

Beamline X05LA @ SLS, PSI offers:  hν= 5 – 20 keV,  ΔE/E=2�10-4,  1 x 1 µm2 

 
• X-Ray Diffraction (XRD) 
• X-Ray Fluorescence Spectroscopy (XFS) 
• X-ray absorption fine structure (XAFS, NEXAFS, EXAFS) 

Micro Spot Material Mapping at SLS 
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Micro Spot Material Mapping at SLS 
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Needs to be performed on materials irradiated in a standard ISOLDE target unit 
But: activity of irradiated units exceeds exemption level by several billion 
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as prepared  
(≤1850◦C) 

as operated 
(2100◦C for  

5 days) 

Current UCx at ISOLDE: SEM / FIB 

10µm 2µm 

200nm 
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µ-spot X-ray fluorescence mapping 

Uranium Gallium 

Micro Spot Material Mapping at SLS 

SEM Uranium 
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µ-spot X-ray diffraction 

UC2 reflex 3 
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Why is UCx such successful target material? 

α-UC2(002) UC (200) 

10µm 
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two orders  
of magnitude 

Composing a Procedure for Nano-Grained UO2 

•  Purchase, tests and safety clearance for 

high speed planetary WC ball mill 

•  Particle size limit for dry grinding: 600nm 

•  Identifying a suitable liquid with low 

surface tension 

•  Identifying the best grinding parameters 

(speed, temperature, liquid to powder to 

balls ratio, grinding time, grinding cycle) 
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Online Results (preliminary)  
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Despites major technical difficulties: 

•  11Be: 6.0x107 1/µC, database: 7x106 1/µC 

•  Record yields for Cs 

•  Structure seems widely conserved over 

time and temperature 

 

Contributions by: Pierre Delahaye, Marie-Geneviève Saint-Laurent, Joanna Grinyer (GANIL) 
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Online Tests in ALTO (IPNO) 

Data analysis from tests on high density UC, conventional UCx, 
nano-structured UCx ongoing. 
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•  UCx is the by far most used target material for recent and future ISOL facilities 

  

•  intense development on UCx material indispensable, for 

•  accessing more exotic isotopes 

•  addressing the demanded intensity enhancement 

•  understanding the significant ageing effects for some isotopes, finally solved 

•  realizing longer target lifetime 

 

•  ActiLab in FP7-ENSAR: 

•  Material analysis before irradiation reviled first unexpected results 

•  Online tests of a HD-UC target was performed in 2010/2011 

•  Online tests of a tailored UCx in December 2012 

•  Post-irradiation tests are arranged and will take place as of July 2013 at PSI 

•  Irradiation tests on several prototypes at IPN-Orsay in May, December 2013 

 

 

Conclusion and Outlook   
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Collaboration and Acknowledgement 

Thank you for your attention! 
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Proton to Neutron Converter Prototype (R. Luis)   

current design proton fluence (p/cm2/µC) neutron fluence (n/cm2/µC) 
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Proton to Neutron Converter Prototype (R. Luis)    
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LINAC2 

PSB 

PS 

ISOLDE 

CERN – Meyrin 



30 Alexander Gottberg ENSAR Town Meeting, June 17-20, 2013, Warsaw 

ISOLDE Outside View 
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HRS 

GPS 

tape station 

FE 6 

FE 7 

ISOLDE – Beamline Overview 
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CERN Accelerator Complex 


