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10. 6 The Recent Industrial EB Applications in Japan 
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ABSTRACT 

The conventional applications of electron beam processing such as, crosslinking of electric wire 
and cable insulations, polyethylene foam, and of rubber tire components have been the main part 
of the EB business for many years. New applications are continuing to appear, however, the 
growth of the new applications has been relatively slow. Nissin High-Voltage, as one of the 
worlds leading manufacturers of electron beam equipments, continues to develop and improve EB 
equipment to meet the requirements of these new applications. In this paper recent EB applications 
and its improvements are described. 
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1. INTRODUCTION 

Electron Beam Processing Systems have been in use in a variety of applications, such as: 
improving heat resistivity of electrical wire insulations, improving green strength of rubber tire 
materials, crosslinking of PE sheet for foam products, sterilizing of medical devices, curing of 
paints and printing inks. These technologies have also been a basic ones for modification of 
industrial materials. Most of these applications had their beginnings two or more decades ago. 
During those years, user requirements have continued to push EB manufacturers into providing 
equipment that will meet very specialized demands; systems have become more dedicated to these 
specific processes. 

This paper will introduce the recent industrial EB applications and developments of electron beam 
processing systems at Nissin High \bltage, and will describe these developments as they relate to 
low-energy systems, medium-energy systems, and high-energy systems, respectively. 

2. INDUSTRIAL EB APPLICATION IN JAPAN 

2-1. Crosslinking 
This technology is to modify polymer properties by rendering heat resistivity etc. and has been 
applied for long time in the production of heat resistant wire insulation, heat resistant sheet and 
film, heat shrinkable tube and film, foamed plastics and automobile tires as well known. 
The features of this technology are: 
1) Reduce chance of containing foreign materials in the product since catalyst is not required in 
general, although crosslinking aid material is added in some case. 
2) Crosslinking density can be adjusted easily as the reaction is controlled by dose and dose rate. 
However, to improve crosslinking efficiency, suitable crosslinking agent should be studied for the 
polymer material. 
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Recently, attention is paid to modified PP. which makes radical reaction. One example is the co
polymer with vinyl-silane compounds, the other is the co-polymer with non-conjugated 
compounds. 

2-2. Grafting 
There are two methods for graft polymerization, pre-irradiation in which monomers are grafted 
after developing radicals in base polymer by irradiation and simultaneous irradiation in which 
mixture of base polymer and monomer is irradiated at the same time to have grafting reaction. 
Buttery separators and Ion exchanging membrane arc made by pre-irradiation and non-cellular type 
flame retardant PE foam is made by simultaneous irradiation. 
Recently, co-graft polymerization which is a kind of graft polymerization, is being studied. This 
technology is to have graft polymerization putting 2 kinds of monomers at the same time into base 
polymer. The feature of this to furnish 2 functions at once to the base polymer is assumed to be a 
useful technology to produce new functional materials comparing to conventional single monomer 
graft polymerization. The examples of functional materials development using co-grafting are 
shown in Table-1. The table shows reactions with various base polymers that means radiation 
grafting can be applied to any base polymers. 

Table-1 RECENT STUDIES ON RADIATION CO-GRAFTING 

base material 

poly-tetra-
fluoroethylene 

poly-propylene 

silicone rubber 

poly-urethane 

poly ethylene 

irradiation method 

simultaneous 

pre-irradiation 

simultaneous 

simultaneous 

simultaneous 

monomer 

MAA/AN 

VP/AN 

NIPAAm/AAm 

HEMA/BA 

VCA/VIMA 

purpose 

improving electric 
conductance 
improving heat 
resistance 
developing organic 
adaptability 
developing organic 
adaptability 
developing organic 
adaptability 

NIPPArrr.N-isopropyl acrylamide MAA:methacrylic acid BA:butyl acrylate 
AAm: VP:4-vinyl pyridine VCGvinylene carbonate ANracrylonitrile 
HEMA:2-hydroxy ethyl metacrylate VIMA:N-vinyl-N-methylacetamide 

2-3. Curing 
In Japan, R&D of paint curing by EB started in late 1960s. Next active period was 1980s when 
surface coating of roof tiles by Nakazato Sangyo stimulated the application field and number of 
industrialization followed being supported by the development of hi-qualified paint together with 
the development of compact electron processing equipments. Table 2 shows the brief history. EBC 
painted steel palate, anti-foggy film and transfer film followed and became practical application 
after Table 2. 
The main stream of EB curing resin is radical polymerizing using acrylate resin. The disadvantage 
of the resin is PII and strong smell. Recent studies have improved PII below 1 by applying 
alkylene-oxide or lactones to alcohol. And, from the point of the preservation of natural 
environment development of aqua-resin is also active, that is the origin of no pollutant system 
without using VOCs. 
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EB curing is generally done in inert gas, mostly nitrogen, atmosphere because of the dominant 
radical polymerization. In order to reduce nitrogen gas consumption recycling system is utilized. 
On the other hand, cationic polymerization which cures in the air has not been used much because 
of less curability but vinyl-ether resins are being developed actively. 

Table-2 SHORT HISTORY OF EB CURING 

late 1960s -early 1970s 
1973 

late 1970s -early 1980s 
1979 
1982 

middle 1980s 
1984 
1985 
1986 
1987 
1988 
1989 
1990 

: Start of studies (first active stage) 
: Curing of motor-cycle parts coating(SUZUKI) 
: Stagnation period 
: Curing of roof tile coating(NAKAZATO) 
: Curing of pre-coat metal(NIPPON STEEL) 
: Second active stage(linear cathode test machine) 
: Curing of gypsum tile coating(ACHILLES) 
: Curing of plastic film printing(MITSUMURA) 
: Curing of floppy disk coating(TDK) 
: Curing of metal coating(NIPPON STEEL) 
: Curing of metal coating(NISSIN STEEL) 
: Development of transfer film(DNP) 
: Development of anti-foggy film(DNP) 

2-4. Sterilization 
In Japan, most of radiation sterilization facilities for medical supplies use Co-60. But a few 
facilities use 10 MeV linac or 5 MeV electrostatic EB equipment with X-ray converter. EB 
equipment is assumed as safer radiation source but has smaller penetration than Co-60. Both Co-
60 and EB sterilization will co-exist featuring each advantages. Other than sterilization of medical 
supplies, feed for experimental animals and dry flowers are disinfected by EB or Co-60. 

2-5.Preservation of natural environment 
Irradiation has been applied to wast water, sewage and its composting. A few test and pilot plant 
were built but none of them were brought to commercial scale except one facility Munich which 
use Co-60. 
De-NOx, De-SOx of flue gas by EB irradiation have been paid attention and number of pilot plants 
were built and torn down. There are several competing technologies however it is expected that at 
least a few commercial sized plant will be build for electric power plant or incinerator of urban 
waste. 

3. FUTURE OFEB APPLICATION TECHNOLOGY 

The future of EB application technology in general is, 
1) Crosslinking : is matured technology, but has continuing important role toward future. 
2) Curing : has possibility to flourish greatly, there are 2 expected fields for curing 

technology.One is to apply to the field where conventional heat curing is 
difficult to be applied, that is, the field of hi-functioning. Another is innovation 
of heat curing that EB curing system enables the least VOCs, energy and space 
saving applying the feature of EB advantages. 

3) Grafting : There seems to be no limits to furnish new functions to popular materials. 
Development of new functional materials will grow in the future. 
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4) Sterilization/ : Higher energy, 5-10 MeV or X-ray conversion may co-exist with Co-60 and 
Disinfection other technologies such as H0O, plasma. 

5) Conservation : To remove SOx, NOx from flue gas, which is the cause of acid rain, EB may 
of environment have some share in the competition with other technologies. The application in 

the water treatment field has variations. Some of the variations may have chance 
to be realized. 

6) Others : There are number of applications studied other than the above. 

Among them, improvement of thyristor switching is promising but the size of EB market for the 
application is rather small. As the future technology, super diffusion is one of the expected 
technology being studied which may become semiconductor manufacturing technology of the next 
generation. 

4. RECENT DEVELOPMENT OFEB EQUIPMENTS 

4-1 Lower \bltage Operation (100kV- 140 kV) 
In low-energy EB curing applications, the thickness of the coating layer on the substrate is usually 
100 micro-meter or less. The required acceleration energy level to cure these coatings is generally 
below 150 kV. At 150 kV much of the electron energy gets delivered into the substrate rather than 
the coating, this is especially true when thinner coatings are employed. In many cases electron 
energy deposition in the substrate has to be minimized because of potential damage to the 
substrate materials. To meet this demand, NHV developed a system which has an available 
operating range between 100 kV to 140 kV. In addition to reducing the substrate damage, these 
lower energy systems provide the user with advantages in smaller size and lower cost. Figure 1 
shows the penetration curves of electrons accelerated from 100 kV to 150 kV. These 
measurements were made at NHV using thin film dosimetry. These curves may be used as a 
reference to obtain the most suitable energy available when substrates sensitive to EB are an 
issue. Lower energy technology allows the user more flexibility in the selection of substrate 
materials. 
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4-2 Nitrogen Control 
Generally, EB curing applications require inert gas be used in the process chamber. The main 
reason to use an inert gas, mostly nitrogen, is to remove oxygen from the beam processing area, 
and oxygen is likely to prohibit radical polymerization. Inert gas consumption is regarded as one 
of the major factors in the operating cost of EB system. Therefore, it is a very important 
consideration for production line operation. To reduce nitrogen gas consumption, NHV introduced 
a nitrogen circulating system in 1986. Since then, further work has been done to minimize 
nitrogen consumption. Recent work was done on a test facility running at a web-spced of 
200m/min, nitrogen consumption of 0.008 - 0.013m3/min./m2 was achieved. A new automatic gas 
flow control system proved effective in maintaining the oxygen concentration at a preset values, 
even when the operating conditions change, such as: a speed, a dose, or temperature. 
Figure 2 shows how the oxygen concentration in the process chamber follows a preset value. 

4-3 Rapid Beam Ramp-Time 
Providing a uniform dose on a product that is running under the beam is very important. 
Controlling the beam current in proportion to the running speed provides the user with a constant 
dose system- In some cases line speed will change quickly, requiring the beam to ramp-up and/or 
down very fast. To meet this demand, a bias voltage system is applied to the cathode grid, this at 
the same time is used to control the beam current. The grid control system allows the rapid beam 
ramp-up or down. 

4-4 Self-Shielded Unit 
The first self-shielded electron beam system, in a 
production application, was installed in Japan in 
1968 by the Nissin Electric Co., Ltd.. We are not 
sure but, we think, this might be the first self-
shielded unit in the world installed. Since then, 
NHV has produced many types of self-shielded 
systems, these machines arc now available for a 
wide range of voltage from 100 kV to 1000 kV. 
The advantage of the self-shielded design is its 
very suitability for in-line operations, where the 
EB system is installed with other production 
equipment, such as extruders, calendars, or 
others. The most unique feature of self-shielded 
systems is its compactness. The small size allows 
the equipment to fit into an existing production 
line, generally this is not possible with a concrete 
vault facility. Figure 3 shows a new 500 kV 
system NHV developed recently. The system 
occupies a space of: 3.4mH x 2.4 mW x 2. 6 
mL. 

4-5 High Power Conversion Efficiency/High Power Output 
Power conversion efficiency is an important factor when high speed and high electron beam 
currents are required. The use of EB technology in these applications is feasible, provided the 
economics work. A prime example is flue or stack gas treatment. In this application, the users are 
usually Electric Power Generation Stations, and in most cases, they are concerned with how 
much energy is consumed by the EB System. In this application most of the energy required must 
be used to generate and accelerate the electron beam, therefore, power conversion efficiency is 
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very important. To process large volumes of material, a higher power output is necessary while 
reduction in the cost per kW is essential. In addition, there arc key technologies lo achieve high 
powered electron beams. The factors that must be considered arc: the DC Power Supply Design, 
the Filament, and the Window design. Today wc have the designs and technology lo build a 
system with a 400 - 500 kW output, the DC Power Supply would have a capability of 730 kW to 
1000 kW. The Filament and Window technology is available for a 500 mA system using a scan 
beam and an air-cooled window. Wc have also developed several types of DC Power Supplies for 
these EB applications. The two most common types of DC power supplies used arc: 
1) Transformer Type 
2) Cockcroft - Walton Type 
Both provide very good power conversion efficiency from commercial line power. Recently, wc 
achieved 92% efficiency, as reported by a customer using an NHV system in a flue gas treatment 
application. This may be the best fit system for due gas applications. 

4-6 X-ray Irradiation Target 
The new NHV 5 McV system provides an 
extremely high throughput capability in a 
sterilization application, but arc limited to 
relatively thin materials, because of the electrons 
low penetrating power. To process thicker 
products, it is desirable to convert the energetic 
electrons into X-rays. To accomplish this, NHV 
started a joint study in 1983 with Japan Atomic 
Energy Research Institute lo develop mi effective 
X-ray conversion system. Figure 4 shows the X-
ray conversion system installed at Radia 
Industries company that provides Irradiation 
Services in Japan. Figure 5 shows the dose rale 
distribution of X-rays under the target, the 
measured data is in good agreement with the 
computer simulation. Figure 6 shows a depth 
dose curve in a material with a bulk-density of 
0.23g/cm3. The data indicates the system is 
capable of processing 40 cm thick material with 
0.23 g/cm3. 

Figure 4 
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5. CONCLUSION 

NHV continues to develop a variety of electron beam processing systems to meet future demands. 
Today, more than 200 systems have been installed in industrial applications by us. We 
accomplished this with the cooperation of our customers, and will continue these efforts for the 
future development of EB technologies. 
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