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1. Introduction
Electron Beam (EB) facilities are applied for radiation processing in much extend than

use of gamma-rays facilities in a number of applications in Japan. Table shows the
number of electron accelerators for radiation processing installed in Japan during 1970 -
2000. In the table, numbers of the accelerator were classified for electron energy region and
field of the application. This data was obtained from the original datal) 1970-1998)
published in 2000 by Japan Atomic Industry Forum (JAIF). During recent 2 years (1999-
2000), 28 accelerators were increased in Japan and most of them were low energy machines.
As the radiation used in radiation processing, EB has following features compared with
gamma ray.

1) EB is easily controllable in turn ON/OFF and beam power (beam energy and current).
2) Maintenance of the radiation source is simple compared with RI sources. Because, in

case of EB it is free from treatment of used sources and radioactive contamination.

Tablel. Numbers of electron accelerator for processing installed
in Japan 1970-2000)

Energy LOW Medium High Total
Applicatio E.5300keV 300keV<E'-�53MeV 3MeV<E;91OMeV

Wire, Cable 1 51 0 52
Foam polymer 4 12 0 16
Heat shrinkable 15 17 1 33
Tire 3 20 0 23
Curing 46 2 0 48
Flue gas, Waste water 1 7 0 8
Sterilization 3 2 6 1 1
Irradiating service 7 11 4 22
Research 120 2 1 123

Total 200 124 12 336

3) High beam output power system is available and high throughput in the process is
obtained.

4) Power of penetration is less than gamma rays, therefore it cannot be applied to thick
or heavy materials. But it is useful for the treatment of surface or controlled layer.
By using the high-energy electron beam, power of penetration is increased and
objects of application are expanded. Furthermore, bremsstrahlung, generated by
conversion of electron can be applied to thick and heavy materials.
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5) Beam stability and reliability in operation are weak points with comparison to
gamma-rays facilities. Efforts to increase the stability and reliability of accelerator
should be taken into account by manufacturers.

Anyway, EB from accelerator is a useful tool for the radiation processing. It is
expected to progress the use in wide field of application. In this paper, outline of
present status of EB application in Japan is described.

2. EB application

2.1 Polymer
Radiation induced chemical reactions such as cross-linking, decomposition, graft

polymerization are applied to polymer processing. Objective materials and the applied
chemical reactions are listed in Tab. 2 Polymer processes have been carried out for a long
time since the beginning of radiation processing. Each product is closely connected to our
daily life.

Electron accelerators to be used for polymer process are almost laid in low energy and
medium energy region. Performances of these accelerators are well established as high
power and high reliable in the operation. EB; process of polymer is typical of radiation

2)processing and it bears large economical contribution It is expected to develop the new
application in this polymer process.

Table 2 Objective materials and applied chemical reactions
Reaction Objective materials

Cross-linking Wire, Cable, Radial tire, Heat shrinkable tube,
Foam polyethylene

Decomposition PTIFE
Graft polymerization Battery separator,

Adsorbent material

2.2 Environmental preservation
Electron flue gas treatment technology is typical example of application of radiation to

environmental preservation, This technology was developed originally in Japan about 30
years ago. Coal and oil fired flue gas, which include Sx and Nx can be treated by EB
irradiation. Sx and Nx: in the flue gas react with ammonia (NH3), which is added prior to
irradiation and turn into (NI14)2SO4 and NH4NO3- These products are powdered fertilizers,
and can be removed easily by bag filter and electrostatic precipitator.

This technology progressed step by step. As the present status, practical scale test
plants are constructing in not only Japan but also in another countries. Table 3 shows the
latest large-scale test plant, which coal or oil fired power plant is equipped. In this plant,
extremely high power electron accelerators were used. It will be demonstrated the reliable
performances of this technology soon.

Decomposition treatments of volatile organic compounds (VOC) and dioxins by EB
irradiation are under study. In TRCRE, JAERI, both studies are carrying out using two
electron accelerators of 175 keV, 10 mA, and 300 keV, 40 mA respectively.

Wastewater and sludge treatment by EB iadiation has been studied for 30 years in
TRCRE and another institutes. The significant data that concerned to this technology was
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accumulated. Recently, treatment of wastewater from dye factories and other industries has
been reported in Korea and Brazil.

Table 3 latest large test plants for flue gas treatment installed in power plants
Name of plant Country Throughput Output of accelerator
Chengdo p.p. China 300 kmj/h 800 keV, 4mA x 2 set
Pomorzany P.P. Poland 270 800 keV, 375mA x 4
Nisinagoya P.P. Japan 620 800 keV, 5mA x 6

2.3 Sterilization of medical supplies
Radiation sterilization of medical supplies was started by gamma ray iadiation.

Even now, share of EB treatment is less than 10 compare with gamma ray treatment in
economical effect.

EB treatment started in 1991 in Japan using a MeV accelerator. Since that time, EB
facility increased favorably for sterilization and amounted to 4-in house, 4-irradiation service
center today. Accelerators for this purpose are laid in - MeV. Appearance of high
energy and high power machine brought application of EB to extensive medical supplies.
Sterilization of medical supplies is promising field of EB application hereafter.

2.4 Food iradiation
Potato is only one food which permitted as irradiation treatment in Japan. That

treatment is limited by gamma ray iadiation. his permission was passed in 1974. And
since this time, no-request for the permission of food iadiation has been continued. In case
of the world, about 220 kinds of food are permitted in 52 countries. Especially spices are
permitted in 47 countries, and executed in 27 countries. In 2000 Japan spice industry
requested for permission of spice irradiation to the government. In case of spice iradiation,
it seems that EB is useful. Answer from government to spice industry is noticed.

2.5 Application of low energy EB
The share of low energy accelerator in total number of electron accelerators installed in

Japan is high, as shown in Tab.l. Use of EB for treatment of surface region is typical way
of utilization of low energy EB machines. Generally, low energy electron accelerators are
self shielded type, and they can be set in the spare area in the factory. Price of such
installation is relatively low. These are the reason why the number of low energy system is
quite large. The purpose of low energy EB is surface treatment of iradiated materials by
painting, printing and adhesion. Almost these products are familiar with our life.

On the other hand, many low energy electron accelerators are installed for research of
application, and almost of them are laboratory model. Low energy electron accelerator has
applicability to wide field.

It is expected that the research work of application using these laboratory model
machine will conduct to practical scale production soon. improvement in economical
condition will be effective to progress of it.

3. Activity of JAERI using the EB
In TRCRE, JAERL many kinds of studies have been initialized using four electron

accelerators. Table 4 shows the list of electron accelerators installed in TRCRE, JAERL
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And Table shows the latest dominant experiments using these accelerators. Acc.No.1 and
No.2 are used for multi purpose experiments. And they are opened not only for JAERI but
also for another researchers. Numbers of experiments that carried out in 2000 by using each
accelerator are 250 and 430, respectively. And operation (beam) times were up to 500 and
700 hrs, respectively. Another two accelerators were installed for particular experiments in
the laboratory. These accelerators were intended to do experiments of treatment of volatile
organic compound and vulcanization of natural rubber.

Table 4 Electron accelerators installed in TRCRE, JAERI
Name Type Energy B. Current

(MeV) (m.A)
Acc. No. Cockcroft-Walton 0.5-2.0 30
Acc. No.2 Dynamitron 1.0-3.0 25
VOC Processor Electrocurtain 0.15-0.175 10
NRL Processor Electrocurtain 0.15-0.25 10

Table 5. Dominant experiments in TRCRE, JAERI using the electron accelerator

Accelerator Application (Experiments)

Acc. No. Flue gas treatment, Bio-degradable plastics,
Cross linking of PTFE, Composite

Acc. No.2 Graft polymerization (adsorbent),
Semi-conductors, Radiation resistant test

of the materials
VOC Processor VOC treatment
NRL Processor NRL vulcanization

4. Prospects and challenges for the future
It is recognized that EB is a very useful tool for radiation processing, and it can

contribute to our comfortable life. Especially, the progress in application study of EB to
environmental conservation, food irradiation and functional materials can be expected in the
near future. It might appear the quite new yet unknown target.
To utilize fully this useful tool for our life, study for development of EB application should
continue hardly.
It seems that the efforts for cost reduction and improvement of reliability in operation of the
facilities is very important to popularize the EB application.
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