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Mot ivat ion

Why seed dressing?

5-10%  world  p roduct ion  is lost  

due  to  insects during  sto rage

Sitophilus granarius
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Mot ivat ion

Seed dressing by chemical agents

5-10%  world  p roduct ion  is lost  

due  to  insects during  sto rage

Bacteria , Fungi and  pa thogen  

reduce  the  seed  quality

Sitophilus granarius
Aspergillus Flavus

Toxic to  human be ing  and  

an imals

Water po llu t ion

Pest  resistance  development
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Mot ivat ion

Electron Beam as an alternative to chemicals

Can inact iva te  insect  eggs 

on  seed´s surface

Can  annih ila te  pa thogens

Physica l t rea tment , 

therefore  no resist ance 

developm ent

No risk fo r human be ing  

Friend ly with  na ture
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Technological Background

Biochemical effect
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Technological Background

Electron treatment of seed

Seed flow 

Electron 

source 
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Technological Background

Electron treatment of seed

relative energy dose D(z,UB) / DMAX

vs. penetration depth z

Cross section 

Seed 

coat 
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State of the art

Electron treatment of seed

Mobile  t rea tment  

p lan t  WESENITZ 2 (FEP)

- 2 line  emit t ing  

sources, 

145 kV and  30 kW

- Cont inuous t rea tment  

on ai r

- Throughput : 30 t /h
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State of the art

Linear EB, thermionic emitter

100 mm
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State of the art

Challenges and new demands

Applicat ions and exist ing solut ions for

EB t reatment of bulk goods and parts
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Toroidal Elect ron Source 

Motivation
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Accelera t ion  vo ltage  

100-150 kV

Maximum Elect ron  

emission  curren t  

density 200 µA/cm²

(that can be cooled 

down on a Cu grid)

Working gas Helium

Working pressure       

0.5 - 3 Pa

Cathode material Al

15 µm Titanium foil

Toroidal Elect ron Source

Conception
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Toroidal Elect ron Source

Cold cathode conceptual design
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Toroidal Elect ron Source

Physical background

Dugdale RA (1971) Glow Discharge Materials Processing. In: Cook JG (ed) M&B Monographs. Mills & Boon, London

After:   Amboss K (1974) Design of large area electron beam guns. In: Bakish R (ed) Proceedings 

of the  6th International conference on electron and ion beam science and technology, pp 497-517. 
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Toroidal Elect ron Source

Ion source

20 equid istan t  wires as 

anode  po ten t ia l
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Toroidal Elect ron Source

Ion source

20 equid istan t  wires as 

anode  po ten t ia l

Elect rons a re  t rapped  in  

the  e lect ric po ten t ia l 

Elect ron  life t ime 

enhanced  as well as ion  

product ion

Stab le  p lasma can  be  

susta ined  down to  0.5 Pa

Low energe t ic e lect rons 

a re  t rapped  

High  energe t ic e lect rons 

a re  free
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Toroidal Elect ron Source

Ion source: Characteristic curves
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Toroidal Elect ron Source

Ion source: Local Ar discharge 
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Toroidal Elect ron Source

Ion source: Characteristic curves

Local p lasma be low 35 mA

Global p lasma above  35 mA

Helium d ischarge  a t  2.5 Pa  
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Toroidal Elect ron Source

Ion source: Characteristic curves

Local p lasma be low 35 mA

Global p lasma above  35 mA

Linear dependency be tween  

d ischarge  curren t  and  ext racted  

ion  curren t
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Toroidal Elect ron Source

Electron Beam at Atmosphere

Cooled ref lector

Elect ron exit  window
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Toroidal Elect ron Source

Electron Beam at Atmosphere

VEB =104 kV, IEB =40 mA Cooled ref lector

Atmospheric beam

Elect ron exit  window
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Toroidal Elect ron Source 

Stationary system with seeds feed

Silo

Seeds supply

Cont rol cabinet

Elect ron source
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Toroidal Elect ron Source 

Mobile system concept 

Seeds supply

Cont ro l cabine t

Elect ron  source

Seeds output

Cooling  system
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Conclusions

Elect ron  beam t rea tment  is an  environmenta lly-friend ly technology 

in  the  fie ld  o f seeds d isin fect ion

Planar sources need  a  complex geometry in  o rder to  ensure  a  

homogeneous irrad ia t ion  of bu lk goods and  3D surfaces 

Toro ida l e lect ron  sources con t ro lled  by a  wire  anode  d ischarge  

improve  the  economica l viab ility o f EB technology and  offer new 

possib ilit ies fo r homogeneous or st ructured  t rea tment  o f part s, 

curved  surfaces and  endless p roducts like  tube  packaged  medica l 

p roducts, lacquered  profiles, tubes, e tc..

Further work to  op t imize  e lect ron  yie ld , homogeneity, long-te rm 

stab ility, life t ime of Titan ium fo il window, …

Development  o f new system concep t ions fo r d iversified  app lica t ions,

e .g ., fo r easy gas flow ste riliza t ion  or flue  gas t rea tment
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