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The electron-beam technologies are extensively used for radiation cross-linking of polymer 
compositions. The most perfect instruments for radiation treatment of polymers are powerful 
industrial electron accelerators. When optimizing the method of electron beam irradiation of products 
it is possible to sufficiently improve the irradiation quality and the efficiency of the beam. ELV 
electron accelerators are DC machines meant for wide application in various technological processes. 

The development of ELV accelerators is due to: stability in operation, new energy region (the 
minimum energy became 200 keV instead of 400 keV. Accelerators with the energy of less than 1.0 
MeV can be assembled inside the steel local shielding. ELV accelerator can be equipped with a wide 
set of supplementary devices extending the application range. There are systems of ring and double 
side irradiation, 4-side irradiation system, extraction device for concentrated electron beam, 
transportation systems for cable, film and grain. There are special devices for improving of dose 
uniformity during the film and band irradiation.  ELV accelerators can be easily integrated into 
technological processing.  

Развитието на ELV ускорители за оптимизация на електроннолъчевата обработка 
на полимери (Ю. Голубенко, Н. Куксанов, Р. Салимов, С. Фадеев, П. Немитов, А. Koрчагин, 
А. Лаврухин, А. Семьонов, В. Черепков, Д. Kогут, Е. Домаров, Д. Воробьов, М. Степанов). 
Електроннолъчевите технологии са широко използвани за радиационно напречно сшиване  на 
полимерни композиции. Най-съвършени инструменти за облъчване на полимери са мощните 
индустриални електронни ускорители. При оптимизиране на метода за облъчване на 
продукта от електронния сноп е възможно да се подобри забележимо качеството на 
облъчване и ефективността на лъча. Електронните ускорители ELV са постояннотокови 
машини, предназначени за широко приложение в различни технологични процеси. 

Развитието на ускорителите ELV се дължи на: стабилност в експлоатация, новата 
енергийна област (минималната енергия става 200 KeV вместо 400 KeV. Ускорители с енергия 
по-малко от 1.0 MeV могат да бъдат сглобени в местна екранировка от стомана. 
Ускорителят ELV може да бъде оборудван с широк набор от допълнителни устройства, 
разширяващи обхвата на приложение. Има системи на пръстен и двустранно облъчване, 
система 4-странично облъчване, екстракционно устройство за концентриран електронен лъч, 
транспортни системи за кабели, ленти и зърно. Има специални устройства за подобряване на 
еднородността на дозата по време на облъчване на филми и лента. Ускорителите ELV могат 
лесно да бъдат интегрирани в различни процеси на технологична обработка.  

 

Introduction 
BINP develops and manufactures high power 

electron accelerators for industrial application. Mainly 
these are ELV accelerators. The start was in 1970-s. 
From that time over 140 accelerators were supplied to 
the customers as inside Russia or former USSR and 

abroad. We study the requirements of accelerators 
market and follow the requests of electron beam 
technologies users. Lifetime of accelerators is usually 
several tens of years. Very often, the modification of 
accelerator is more attractive in comparison with 
installation of new machine.  

BINP try to predict the direction of development of 
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accelerator technique. Sometimes, successful solution 
appears. Sometimes, new machines have no 
applications.  

Increasing of accelerators power 

 
Fig. 1. 400 kW ELV accelerator 

 We have developed the high power 
accelerator. It has name ELV-12. It is shown in fig.1. 
The parameters of this machine are the following: 
energy range 0.4 - 1.0 MeV; max. beam current is 500 
mA; max. beam power is 400 kW. Electrons are 
extracted into atmosphere trough 3 extraction devises. 
Each device contents 2 Ti foil window.  Main 
application of such accelerators was planned  for  
environmental projects: flue gas and waste water 
treatment. In collaboration with EB-TECH Co, one 
accelerator was installed in Republic of Korea. It 
operated a few years, proved the efficiency of EB 
treatment but later was stopped due to economic 
situation. Both BINP and others manufacturers of 
accelerators have no orders for the acelerators with 
this level of power.  

Low energy accelerator 
The set of typical ELV accelerators covers energy 

range from 0.4 to 2.5 MeV. The maximum beam 
current is 100 mA and maximum beam power is 100 
kW. New development is low energy accelerators. It 
consist of standard ELV elements. The minimum 
energy 0.2 MeV (150 kV in air). The beam is 
extracted through the foil window that is used in ELV 
accelerators. Extraction window has 50 mkm Ti foil 
window with dimensions 1600*75 mm. Extracted 
current was 70 mA. In competition with broadbeam  

 
 

Fig. 2. Voltage and current of scanning electromagnets 

accelerators it has wider energy range. The maximum 
energy in this accelerator is 500 kV.  There is 
important the dose distribution along the window for 
low energy beam. The attenuation of the dose near the 
edge of extraction window is depended on 3 reason: 
the shape of magnet pole, the wave form of scanning 
current and scattering of the beam in the extraction 
window foil and in air from the foil to target.  The 
shape of magnet pole is determined by the focusing of 
the beam and is designed so that the beam raster size 
is to be constant along the window. Standard supply 
voltage for scanning electromagnet is rectangular. The 
scanning current has triangular form.  To improve the 
dose distribution it should be nonlinear. The wave 
shape of  scanning current can be changed by 
capacitors that are connected in serious with scanning 
magnets. Adjusting of wave shape  enables to 
compensate the inhomogeneity provided by both 
geometrical factor and scattering of beam. Fig.3 
demonstrate the absorbed dose during 1 pass along the 
window. It has no meaning for cable or pipe 
irradiation but very important for band and film 
treatment. 

 
 Fig.3  Dose distribution along the windows 

Local shielding for accelerator 
We had promote the accelerators in local shielding. 

The dimensions of shielding depend on extraction  
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Fig. 4. Local shielding for accelerator with 2m extraction device

 

window. Typically the scanning angle of 30 degree is 
used. There are good beaming in ELV accelerators, so 
there is no leakage current to electrodes of 
accelerating tube. Due to this circumstance the vessel 
of H/V rectifier and accelerating tube has no 
additional shielding. The accelerators with energy less 
1 MeV can be equipped with local steel shielding. The 
weight of shielding is about 50 T. 

Local steel shielding of accelerator and its 
equipment location is shown on fig. 4. It has 2m 
extraction window. Maximum energy is 0.5 MeV and 
maximum beam current is 100 mA. These machines 
are using for treatment of tire components. Same 
dimensions has accelerator 0.8 MeV*66 mA. 

Accelerating tube 
ELV accelerators have ceramic accelerating tube 

with electrical field strength of about 10 kV/cm. The 
aperture is 10 cm that provides high pumping rate and 
long life of cathode. It was found that stability in 
operation depends on ion exchange process between 
electrodes with cathode and ground potential very 
much.  

The special distribution of potential near cathode 
area prevents the developing of ion exchange 
processing and behavior of accelerating tube 
essentially improves. You can increase the 
accelerating voltage very fast even first time after 
assembling.  
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Additional underbeam devices 
The quality of EB treatment depends on 

geometrical parameters of irradiated object. For 
example the irradiation of big cable with thick 
insulation and metal core produces inhomogeneity of 
absorbed dose.  The accelerators can be equipped with 
4-sided irradiation system to improve the 
homogeneity. Here the electron beam is extracted into 
atmosphere at an angle of +/- 45 degrees to the 
vertical. The cable layout is such that at each turn of 
the upper and lower surfaces are swapped. As a result, 
after two passes of the cable under the extraction 
window the four quadrants of the cable cross section 
are treated. This method of irradiation improves 
homogeneity and allows decrease required energy. 
Such devices very often are used for the treatment of 
cable with big diameter.    

In case of ring irradiation system electrons are 
banded in air by special magnet and irradiate the cable 
to all azimuth. It allows obtaining 1 pass irradiation.  

Underbeam transportation system allows 
transportation of the cable (especially the big 
diameters) through irradiation area with small tension. 

Accelerator with focused beam 
ELV accelerators can be equipped by the system 

for focused electron beam extraction into atmosphere. 
Electron beam is focused by magnet lens and it is 
extracted into atmosphere through the hole about 1mm 
diameter. The power of beam can reach 100 kW at 
energy 1.4 MeV. It allows using accelerator for other 
kind of applications such as: evaporation of any 
materials for producing nanopowders; surfacing and 
hardening of metals; welding, melting and cutting of 
metals, producing the special types of ceramics and 
etc. This extraction device was developed many years 
ago, very interesting experiments were curried out, 
was proved efficiency of different processing but until 
now there is no such installation in industry.  

Accelerator for fast X-ray tomography 
According to request Leibnitz Research Centre 

Rosendorf we developed accelerator for their 
researchers in fast X-ray tomography. This accelerator 
has energy 1 MeV and beam power 100 kW. Beam 
optic allows to produce the beam with diameter 1-2 
mm at distance 1.5 meter from focusing lens. 
Accelerating tube is separated from the vessel of high 
voltage rectifier. They are connected with 500 mm gas 
feeder. Accelerating tube can be inclined at angle up 
to +/- 30o to vertical. The accelerator was 
manufactured, delivered and started in operation.   

 
Fig. 5. Different position of accelerating tube  

Upgrade and modification of accelerators 
Usually lifetime of accelerators is 20 – 30 years. 

During this time the manufacturing of accelerator 
elements essentially changes. Some elements stop 
production, appear the new elements which allows to 
obtain the new properties of old equipment.  
So very often users of accelerators request to modify 
accelerator systems. Firstly it is concerning control 
system and later extraction device, accelerating tube,   
elements of H/V rectifier, etc. For this purpose we 
developed the special service that allow to install the 
new elements in old machine. As results there are 
increasing of parameters and quality of operation. We 
have experience to modify not only ELV accelerator 
but accelerators of others manufacturer both Russian 
and foreigner.     
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