
Technische Universität München 

Heiko Gerstenberg (and many colleagues) 

Forschungsneutronenquelle FRM II,  

Technische Universität München 

Industrial and Commercial Applications of FRM II 



Technische Universität München 

Campus 

of the 

TUM in 

Garching 

near 

Munich   
FRM II FRM II 

Radiochemistry 

Radiopharmazeutical  

industry 
Cyclotron 

Subway 

Accelerator 

 

FRM (old) 



Technische Universität München 

Motivation for the Operation of FRM II 

 
• Basic research by means of neutron beam tube experiments 

 - fundamental physics (e.g. neutron life time) 

 - physics of condensed matter (solids and liquids) 

  

• Irradiation service  

 - isotope production for radiopharmaceuticals and industry 

 - Si doping 

 - neutron activation analysis and fission track analysis 

 - target irradiation for Mo-99 (project)  

 

• Cancer treatment by fast neutron irradiation 

 

• Industrial applications of neutron scattering 

 - determination of stress in mechanical components 

 - neutron tomography 
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Some key numbers: 

Single cylindrical compact core 

contained in a D2O-moderator tank 

Ø = 118~243mm, h = 700 mm  

fuel: 8,1 kg U3Si2 , (92% U-235) 

Thermal power: 20 MW 

Primary coolant flow: 300 kg/s H2O 

 

Thermal neutron flux density :  

6.5·1014 cm-2s-1 

Reactor cycle:  

60 d/cyc (starting from 2008),  

≈ 250 operational days/year 
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Mechanical irradiation facility JBE70 
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• Simple mechanical 

 handling 

• Simplified radiation 

 protection measures 

• Short term irradiations 

• Φth = 1.2E13 cm-2s-1 

• Φth/ Φf = 1200 

• mainly in use for FT                                                                     

 thermochronography, 

  world wide customers 
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• material: PE 

• mass: ≈ 10g 

• max. load 10g 

• max dose: 

 3E17 n/cm-2 

• Individual label 

• Single use 

• Connection to 

 RCM 
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• material: AlMg3 + Al 

• mass: ≈ 48g (total) 

• max. load 250g 

• ø = 25 mm 

• l ≈ 60 mm 

• max dose: unlimited 

• Water tight sealing 

• Individual label 

• Multiple use 

Hydraulic rabbit system – irradiation capsules 
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Hydraulic rabbit system: Neutron flux parameters 

irradiation 

channel 

Φth 

(cm-2s-1) 

Φepi 

(cm-2s-1) 

Φf 

(cm-2s-1) 

Φth/ Φf 

KBA1-1 1.3E14 2.6E11 3.9E11 333 

KBA1-2 9.3E13 9.9E10 2.0E11 465 

KBA2-1 1.1E14 7.5E10 2.1E11 524 

KBA2-2 7.7E13 3.9E10 1.0E11 770 
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Hydraulic rabbit system: Main applications 

• Production of Co-60 for industrial purposes up to 185 GBq/batch 

• Production of Lu-177 nca (non carrier added) for therapy of small 

 (range about 2 mm) neuro-endocrine tumors in cooperation with ITG 

 GmbH, Garching. The activity is labelled to dotatate and applied to 

 patients in 2-3 doses of 7.4 GBq each. 

• Production of seeds containing I-125 for the therapy of prostata cancer 

 in cooperation with IBT Bebig GmbH, Berlin. 

• Production of tracers  for e.g. the chemical industry in cooperation with 

 Tacerco, Oldenburg. 

• Irradiation of high-purity Si for NAA in cooperation with Semisol GmbH, 

 Munich 
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Silicon doping facilty - Motivation 

P doping of Si by neutron transmutation 

30Si (n,γ)31Si  31P T1/2 (
31Si) = 2.62 h  

Typical Specifications 

Accuracy:   ρmeas. = ρtarget ± 5% 

Homogeneity:  axial: Δρ < 5% 

    radial:  Δρ < 3.5% 

Residual radioactivity: A/m < 0.09 Bq/g 

Residual contamination: A/S < 0.5 Bq/cm² 
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Smoothening of neutron flux density by a Ni compensation layer 
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Heiko Gerstenberg  

24.03.2009 / 13. RRFM - Vienna 

Main handling steps (1) 

Insertion of Si ingots into the 

loading basket 

Lowering the Si into the reactor 

pool 
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Loading Si ingots into the 

irradiation basket 

Coupling the basket to the 

irradiation device 

Main handling steps (2) 
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Main handling steps (3) 
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Si doping at FRM II 

 

Throughput in 2009: 15 t 

 

5 customers from Europe + Asia 

 

Staff: 6 technicians/2 shifts 

 1 engineer 

 2 physicists 
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Converter facility -  

Neutron production for cancer therapy 
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Electrons/X, γ  

n (slow p+) 

 

Single strand break 

2 nm 

Double strand breaks 

Linear energy transfer (nf: up to 100 keV/µm) 
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Irradiation rooms 

High-flux irradiation room Radiography room 
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Figs.: Th. Auberger – Klinik für Strahlentherapie, TUM 

MedApp: Irradiation response 

Malignant melanoma, elder patient Laryngeal tumour, 39-year old patient 
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Project: Target irradiation for Mo-99 production (2010-2014) 

 

irradiation channel 
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Top View to Future Irradiation Rig including Target Positions 
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Neutron Flux Density in Irradiation Channel for U-Targets 



Technische Universität München 

Basic data for 15 targets JBE46 / FRM II 
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Industrial applications of neutron scattering 
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Example: Mini-Transistor-Radio 

     X-rays     Neutrons 

Lehmann et al, PSI 

Radiography: comparison between X-rays und neutrons 
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Tomography of a rat lung 

Schillinger (FRM II), Metzge (MW –TUM), Runck, Stahl (Uni-Klinik Freiburg) 
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Artifical ventilation: survival rate  

Marcello B.P. Amato, The New England Journal of Medicine, 338, 6, 347-54, 1998 
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Thank you for listening ! 


