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1) Justification.

2)   First radioisotope with neutrons: 99Mo.

3) First radioisotope with deuterons: 177Lu.

Outlook

2
Javier Praena – Radioisotopes at DONES 1st DONES Users Workshop 26-27/09/2022



3

New facilities for radioisotope production

The Technetium world crisis in 2009-2010 was an alarm about the way to supply 

radioisotopes for nuclear medicine. Few reactors world wide.

2009 2013
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New facilities for radioisotope production

Since the Tc99 crisis (SPECT), there is a new trend in nuclear medicine, the use of 

new facilities dedicated or not for radioisotope production. 

2020

This trend also includes the fact that 

radioisotopes with shorter half-life 

cannot be supplied by few facilities 

world wide.

The production at regional levels of 

new radioisotopes could be enough for 

clinical use and research.

The production of many of them are 

not economically beneficial. 

Javier Praena – Radioisotopes at DONES 1st DONES Users Workshop 26-27/09/2022



5

New facilities for radioisotope production

Many working groups and international agencies have pushed for the use of 

nuclear facilities for radioisotope production with application to nuclear medicine 

(therapy and diagnosis). Not only “industrial” production is needed…

2014

R&D activities in nuclear 

facilities as ISOLDE provided 

a better understanding in 

nuclear medicine
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New facilities for radioisotope production

These R&D activities pushed the MEDICIS project with the aim to provide 

radioisotopes for nuclear medicine.  

2014
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New facilities for radioisotope production

Also, accelerator-based neutron facilities has been considered for the production 

of radioisotopes for nuclear medicine.  

2014
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New facilities for radioisotope production

Accelerator-based could produce for R&D and regional quantities 

for clinical applications.

MEDICIS-ISOLDE-CERN is an excellent successful example.
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A

C

Experimental Halls at DONES

C. Radioisotope production with deuterons

Under study to deflect 1/100 beam  1mA, 40 MeV

A. Radioisotope production 

with neutrons in the HFTM. 
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Neutrons:  Test Cell and R160

Lower neutron flux at R160. 

Only inside the TC radioisotope production would be significant. 

R160 

TC
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Duct entry into R160Behind of theHFTM

Even inside the TC, the fast neutron 

flux decreases significantly. 

Neutrons:  Test Cell

F. Mota
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Neutrons:  Test Cell

The design of the TC should consider a 

modification.

Tube crossing the TC keeping the 

properties of the inner atmosphere.
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Mo/Tc production: benchmark case

We try to be as realistic as possible.

We have simulated the production of Mo/Tc at the JRR-3 nuclear reactor.

Neutrons have much lower energy than DONES neutrons

Thermal neutrons 8-9e13 n/(cm2·s)

RESULTS JRR-3

7 days Experimental Simulated MCNP

Specific Activity (GBq/g natMo) 14.8 16.5
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Mo/Tc production at DONES

At DONES the Mo/Tc production should be carried out with enriched 100Mo samples

F. Mota
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Mo/Tc production at DONES

We have studied the production with different

realistic samples and in two possitions inside the TC:

7 days of irradiation

GBq/g Mo Behind of HFTM Entrance of duct

MoO3 enriched 95% 100Mo 56 2.24

MoO3 with Mo nat 6.7 0.70

ϕ10 mm, 3 mm-thick, 1.06 g

Enriched 100MoO3 were irradiated at 

LINAC, (,n) and Mo/Tc was extracted.

Natural MoO3 samples were irradiated with 

neutrons and the the Mo/Tc was extracted.
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Mo/Tc production at DONES: conclusions

1) Considering the purification/extraction for 100MoO3 enriched 95% as 

for the JRR Linac. Contaminations to be finally studied.

2) Tc Annual Demand in East Andalucia Health Area (3 Million people) is 

around 11 TBq (1 M€).

3) DONES could produce it in 4.5 months without or low impact in the 

irradiation of materials for fusion. 
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Deuterons at DONES
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Experimental Hall at DONES
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Radioisotope production with deuterons. 

Under study to deflect 1/100 beam  1mA, 40 MeV

Javier Praena – Radioisotopes at DONES 1st DONES Users Workshop 26-27/09/2022



Beta decay 40-150 keV.  

- natLu = 175Lu (97.4%) + 176Lu (2.6%) 

- Electrons for therapy. Photons for imaging.  

THERASNOSTIC

- 177Lu – DOTA-TATE. Low toxicity (urine) 

- Good results in gastroenteropancreatic neuroendocrine 

cancer.
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177Lu rising demand

177Lu is one of the most demanding 

radioisotope.

It has been studied for many other 

kind of cancers.
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177Lu with neutrons at nuclear reactors

“Carrier Added” 
176Lu+n  → 177Lu+ 177mLu + 

The more conventional in nuclear reactors

Higher production. Lower specific activity.

177mLu is produced (0.05%), 160 days.

“Non Carrier Added” 
176Yb+n  → + 177Yb → 177Lu

Lower production. Higher specific activity.

177mLu is negligible (<0.0001%)
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“Carrier Added” “Non Carrier Added” 

176Yb+n 176Lu+n 

The “non carrier added” is the preferred production route with neutrons

Final specific activity and quality is higher after extraction

177Lu n.c.a. production is preferred 
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Very low production

100 %
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The deuterium production is as “added” compromise between the carrier added 

with negligible 177mLu and the non carrier added

177Lu with deuterons at DONES

With deuterium on 176Yb two routes can be open: direct and indirect
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177Lu with deuterons at DONES
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Experimental data available.

176Yb+d → 177Yb
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177Lu with deuterons at DONES
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We simulate a realistic Cu device water-cooled for sustaining the power delivered

for the 40 MeV and 1 mA deuterium beam.

176 Yb 

Water
Deuteron

beam

Exact dimensions of the backing are simulated

with SolidWorks keeping the temperature well

below the melting points.
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177Lu with deuterons at DONES
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Two evaporated samples upstream and downstream the millichannels

 

Figure 6. Temperature distribution of the cooling system 

fluid for a cooling water speed of 12 m/s and 4·10-7 K·m2/W 

thermal contact resistance.  

upstream

downstream
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177Lu with deuterons at DONES
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Reaction
Irradiation time

(d)

Activity 

(GBq)

Specific Activity

(GBq/mg)

176Yb(n,𝛾)177Yb→177Lu 7 590 1.11

176Yb(d,n)+176Yb(d,p) 3.5 

1st sample

234 0.37

2nd sample

223 0.74

176Yb2O3 samples enriched at 99%, we already used it at n_TOF-CERN 

experiment.

40 MeV and 1 mA Deuterium beam, the same SA is produced in half of the time    

than nuclear reactors with neutrons.

1 treatment with 177Lu: 4 doses, 7.4 GBq/dose, 14 k€/dose.

1 day at DONES: 120 GBq after purification, 224 k€.
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1) Production of radioisotopes is important from social and economical point of view. 

2) Supply crisis could be avoided.  March 2022 177Lu crisis in Andalusia hospitals.

3) Research on new radiopharmaceutical drugs would be pushed.

4) 99Mo radioisotope with neutrons (fast) inside Test Cell shows preliminary promising 

results.

5) 177Lu with deuterons in R026 shows preliminary promising results.

6) Work ongoing. Open new collaborations for experimental production with 

deuterons Tm165, Sc45-Ti44, Orleans (France). New routes need regulation.

Conclusions
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Thank you for the attention


