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GEN-165Tm project
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Production Chemical
separation Radiolabelling

• Separation Ho, Er, Tm…
• Installation of the Tm/Er gen.
• Isolate Er in free form …

GIP ARRONAX, Nantes, FRANCE CEMHTI, Orléans, FRANCE CBM, Orléans, FRANCE

• Radiolabelling
• Biodistribution of 165Er

Cross section measurement

Thick target production 

165Tm/165Er generator with porous materials

• Stacked-foils technique
• Production yields, purity optimisation

• Establishment of large-scale production
• Shipping to CEMHTI

MITI project

The focus



165Er “ID card”
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• T1/2 = 10.36 h

• 165Er decays at 100% to 165Ho (stable)

• Pur Auger electron (AE) and X emitter.  7 AEs/decay

• No gamma emissions.
5 keV

38 keV

1 keV
0.1 keV



165Er medical interest
• Therapeutic use in internal radiotherapy.

• Ideal for Auger electron dosimetry studies.

• Reach high Molar Activity (MA), mandatory for dosimetry studies.
 
• Due to its short half-life, the production of the parent nucleus 165Tm is of 

interest.
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165Er production route
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• 165Tm(30h)/165Er (10h)

• Ho mono-isotopic target.

• Close Tm contaminants 
decay into stable nuclei.

 High Radionuclidic purity.

• Requests a high-energy 
alpha beam (~60 MeV).

(α,4n)

Route identified



Cross-section measurements
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• Stacked foils technique was used.

• The beam intensity was measured in 
two ways: 

  Trough the monitors cross-section 
natAl(a,x)22,24Na (uncertainty ~8%). 

  Using an instrumented faraday cup 
placed in vacuum (uncertainty ~2%).

Faraday cup Electron repeller

Beam

Stacked foils



Monitor reactions
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• Current measurements are performed with the Faraday cup 
  absolute measurement of monitor reaction 
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165Tm cross-section
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• The values are in good  
agreement with each 
other. 
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165Tm cross-section
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• The values are in good  
agreement with each 
other. 

• Good agreement with 
recent experimental 
data.
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165Tm cross-section
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• The values are in good  
agreement with each 
other. 

• Good agreement with 
recent experimental 
data.

• This is less the case 
with other experimental 
data.



Contaminants cross-section
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Thick Target Yield (TTY)
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• A range around 50 MeV optimize 
the production of 165Tm.

• Another range around 56 MeV 
limit the production of 166Tm.

Purity ? Molar Activity ? Post-
production scenario needed.

165Tm 
optimized

Ratio 165Tm/166Tm 
optimized



Post-irradiation scenario 

C70XP @ARRONAX GIP

Waiting 8h

Ho recycling

Isolation of Tm by
Chemical separation (+2h EOB)

1  Ho

5 Er

2 Ho + Tm + Er…

production
3 Tm
Isolation of

3 Ho + Er …

4 Tm +Er
By decay

Available for radiolabeling

Generator

Isolation of

Isolation of Er by
Chemical separation

Molecular plating Chemical separation
13



Purity and molar activity
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166Tm  166Er (stable)

The first extraction is the less favourable in terms 
of purity. 

Molar Activity (MA) for 1st Er extraction :
• 1.9 103 MBq/nmol for 50 MeV
• 2.5 103 MBq/nmol for 56 MeV 
 

Radionuclidic purity 100 %.
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Comparison of production routes
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Route Energy range (MeV) Activity (MBq) Molar activity 
(GBq/nmol)

165Ho(p,n)165Er 9.9 - 9 146 1.8
165Ho(d,2n)165Er 13.2 – 12.0 524 2.9

165Ho(α,4n)165Tm
49.8 - 46.7 204 of 165Tm 367 of 165Er 1.9* - 3.9
57.8 – 55.0 101 of 165Tm 182 of 165Er 2.5* - 3.9

Calculations for a 50 µm target at 100% 165Ho at 7µA for 2h

*for 1st elution
• Target purity not taken into account

• With the alpha route, Er is available over a longer period of time.



Production at GIP ARRONAX 
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• Ho target of 50 µm irradiated at 7 µA 
during 2 hours. 

• Water cooling system.

100 MBq of 165Tm

• Shipping to CEMTHI for 
Chemistry and radiolabeling research. 
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Conclusions 
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• Cross-sections were measured using the stacked foil technique and a faraday cup.

• The cross-section values consolidate recent data available in the literature, with a maximum 
of 1200 mb at 50 MeV for the 165Ho(α,4n)165Tm.

• Two energy ranges were established: one around 50 MeV to optimize the production of 
165Tm, and another around 56 MeV to improve the 165Tm/166Tm ratio.

• A post-irradiation scenario has been proposed to calculate purities and molar activity. The 
molar activity for the 1st extraction is calculated at 1.9 103 MBq/nmol for 50 MeV and 2.4 103 

MBq/nmol for 56 MeV.

• Production 100 MBq of 165Tm at Arronax (Limited by CEMHTI authorization, recipient laboratory)



Thank you for your attention

18



Example of double column

• Column 1 • Column 2
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