
LOW VOLTAGE, 80 KV TO 125 KV ELECTRON PROCESSORS

Urs V. Lauppi
Energy Sciences, Inc. MY0001400

CH-1278 La Rippe (Geneva), Switzerland
Tel++41-22-367 10 72 - Fax++41-22-367 10 62

E-mail: ebeam.uvlaeuppi@bluewin.ch

L INTRODUCTION

The "classic" electron beam technology made use of accelerating energies in the voltage range of
300 to 800 kV. The first EB processors - built for the curing of coatings - operated at 300 kV.
The products to be treated were thicker than a simple layer of coating with thicknesses up to
100 u and more. It was only in the beginning of the 1970's that industrial EB processors with
accelerating voltages below 300 kV appeared on the market. Our company developed the first
commercial electron accelerator without a beam scanner. The new EB machine featured a linear
cathode, emitting a shower or "curtain" of electrons over the full width of the product. These
units were much smaller than any previous EB processors and dedicated to the curing of
coatings and other thin layers . ESI's first EB units operated with accelerating voltages between
150 and 200 kV. In 1993 ESI announced the introduction of a new generation of Electrocure
EB processors operating at 120 kV (2), and in 1998, at the RadTech North America '98
Conference in Chicago, the introduction of an 80 kV electron beam processor under the
designation Microbeam LV.

IL THE ADVANTAGES OF LOW VOLTAGE ELECTRONS

We define low voltage electrons as electrons accelerated to energies not exceeding 100 kV to
125 kV. The principal advantages low voltage electron accelerators are:

Less expensive, smaller in size, more efficient!

For many applications EB is technically the preferred drying method with better results than UV:

• EB guarantees 100% drying without residual and uncured monomers!
• EB fully cures through all ink layers and colors and at the end of the printing press, without

intercolor drying, provided wet on wet printing is possible!
• EB inks and coatings do not contain photoinitiators: therefore no odor and no color fading!
• EB inks or coatings are 5 to 20% less expensive than UV chemistries (no photoinitiator)!
• The output of the EB source remains always constant and does not slowly degrade as UV

lamps do. Thus: Improved product safety and quality!
• EB consumes less energy than thermal or UV drying.
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Despite these undisputed advantages of EB, the high investment cost for EB equipment is often
prohibitive and investors therefore choose traditional heat or UV drying. Conventional EB
equipment is expensive because of the complex and demanding technologies involved: high
voltage, high vacuum, and last, but not least, the requirement to shield the unit against the
emission of X-rays. On the other hand, the drying of a few microns of ink or lacquer is all that is
required and "bombarding" these thin layers with electron energies of 150'000 Volt and more is
indeed disproportionate.

EL LOW VOLTAGE ACCELERATORS ARE LESS EXPENSIVE

A lower accelerating voltage reduces the technical requirements for an EB accelerator in many
areas. The distances necessary to insulate high voltage are reduced, resulting in smaller electron
accelerators and high voltage power supplies. The X-rays (Bremsstrahlung- or Roentgen rays),
produced by the electrons when striking matter are less energetic at lower accelerating energies.
As a result the lead shielding of the EB machine is thinner. There are many other factors
contributing to the cost reduction. Summarized one can state that lower voltage EB equipment
is less expensive because it is smaller, more compact, lighter and can be made with more
standard industrial components than higher voltage machines.

IV. EFFICIENT ELECTRON ENERGY TRANSFER AND LESS INFLUENCE ON
SUBSTRATE

There exist also other motivations for using low voltage electrons. An important reason is that
the energy transfer from the electron accelerator into the product to be treated is more efficient
at lower voltages. As shown in figure 1 there is a relationship between the accelerating voltage
and the electron penetration depth into a product. From figure 1 we also learn that to efficiently
treat a product, the electrons need to be accelerated to energies that are optimized for the
penetration requirements. In fact, for coating thicknesses of up to approximately 10 microns we
see that an electron beam accelerating voltage of 80 kV is sufficient (at approx. 80% front
surface dose).

A more efficient energy absorption in the layer to be dried saves energy and enables higher
production speeds, instead of wasting the energy in the substrate or the air below the substrate!
Energy absorption in the layer to be dried - instead of in the substrate - may be another
important reason. Electrons are particles and not an electromagnetic wave as UV light is.
Energetic electrons affect matter and, especially electron beam sensitive materials like paper and
other cellulose based substrates or plastic, can undergo changes such as structural bond
breakage or crosslinking of molecule chains due to electron treatment. These changes may have
negative effects like yellowing, tensile loss, brittleness etc. Some changes, however, may also
have positive aspects. For instance if the heat resistance, or the mechanical characteristics, of a
polyethylene film are improved. The influence of electrons on the substrate depends on the
electron energy and dose, as well as on type and thickness of the substrate. These negative
effects may be reduced or avoided by using lower voltage electrons.
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Figure 1: Depth Dose Profiles (Penetration Curves)
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V. DEVELOPMENT OF LOW VOLTAGE EB PROCESSORS

The major obstacle to overcome in the development of lower voltage EB machines presented
the electron beam exit window, through which accelerated electrons must pass to reach the
product to be treated. Electrons can only be produced and accelerated to useful energies in
vacuum. The presence of oxygen, or other gases, disturbs the generation of electrons, and
hinders their acceleration. Thus, either the product to be treated is put under vacuum, or the
electrons are brought from vacuum into atmospheric pressure. Feeding the product to be treated
into an evacuated production zone is very difficult. Hence, the electron window Mr. Lenart
invented over 100 years ago in Germany(1), is still in use to day, although in a somewhat
modified form.

The energized electrons pass through a window which must be mechanically strong enough to
maintain the pressure induced onto the foil by the vacuum inside the electron accelerator, but
thin enough to let the energized electrons pass through it. Electrons passing through the window
lose some of their energy. This energy is deposited in the window and heats the foil. The
window must therefore also have an excellent thermal resistance. Over the years many materials
ranging from steel over aluminum to beryllium and other exotic materials and alloys were tested.
The material of choice at ESI still is the titanium foil with a thickness of 12,5 microns or less.

Selecting the right window foil material and a thickness guaranteeing a long lifetime, are but
some of the selection criteria. Supporting the foil and cooling it are two other very important
considerations. As mentioned above, electrons passing through a window deposit a certain
amount of their energy in it, due to collisions with matter. This energy deposition results in a
heat-up of the window foil. At higher voltages electrons pass relatively easily through the foil
without leaving much of their energy behind. But a reduction of the speed (energy, voltage) of
the electrons results in an increase of the energy loss in the foil. 100 kV electrons heat the
window foil much more than 150 or 200 kV electrons. The key to success in the development of
a low voltage EB accelerator was the design of a window support and cooling system capable of
efficiently removing the energy deposited by lower voltage electrons(4).

The quality of the new window technology can best be judged by the typical discoloration of the
window foil. Blue discoloration of the window is typical for all EB accelerators, except for those
equipped with our new window technology. ESI windows no longer discolor significantly; they
stay shiny-silvery to very light tan, like a nearly new titanium foil. A result of the reduction of the
foil operating temperature by nearly 150° C. The efficient removal of the heat from the foil
reduced the stress and resulted in an increase of an average foil lifetime in excess of 1000 beam
hours at 80 kV to 100 kV.

The development of a new window technology enabled ESI to decrease the accelerating voltage
of EB processors used for the treatment of thin layers. It allowed the design of the worlds first
industrial low voltage EB processors operating at 125 kV and 80 kV. At the same time it made
it possible to further increase the operating reliability of the systems to the extent, that ESI
guarantee not only the life time of window foils and cathodes, but also an 99% uptime of the EB
equipment. All Electrocure® EB machines, including those with higher accelerating voltages, up
to 300 kV, feature the same new window technology and can be operated from below 100 kV
to the designed maximum accelerating voltage.
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VI: ESI'S LOW VOLTAGE EB PROCESSORS

A. 125 kV Electrocure*

Figure 2 shows a 125 kV ESI Electrocure processor installed 1996 in England and used to dry
coatings on 1 650 mm wide paper webs. The EB equipment has an output of 200 kW of beam
power (1 600 mA). It is the most powerful single head EB equipment installed in Europe
capable to dry a coating with a dose of 30 kGy at a speed of 800 m/min.

B.

Figure 2: Electrocure® System, 125 kV -165 cm wide - 24 000 kGy m/min

100 kV-125 kV EC-60

In 1997 the first new lower voltage and lower cost EB processor, the EC-60 was introduced by
ESI. This electron "dryer" is specifically designed for the graphic arts and related industries. It
operates at voltage levels from 100 kV to 125 kV and can be used for the drying of printing inks
and lacquers on 600 mm wide webs at speeds of 200 to 300 m/min. The new EC-60
Electrocure® system can easily be installed, for instance, in offset presses. The EC-60 is 140 cm
long in web direction, 250 cm wide and 240 cm high. Figure 3 shows the complete unit,
including high voltage power supply and controls.
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Figure 3: Electrocure® EC-60, 100 kV - 125 kV, 90 cm to 160 cm wide, 7 500 kGy m/min
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C. 80 kV - 100 kV Microbeam LV

In April 1998 we announced the introduction of an 80 kV to 100 kV electron processor system
with the designation "Microbeam LV". A drawing of the system is shown in figure 4. Figure 5 is
a computer animation of the Microbeam system. Intense R&D work, as well as tests with
several prototypes, lead to the manufacturing of a first commercial unit, which will be
operational in later on this year. The first systems are available with treatment widths ranging
from 90 cm to 165 cm and a dose-speed capability of 6000 kGy m/min. A printing ink or coating
requiring 20 kGy to dry (cure) can be run at 300 m/min with this system. The price of the
Microbeam LV system is 30% lower than the price of a standard 150 kV Electrocure®
Processor.

Figure 4: Microbeam LV System, 80 kV -100 kV, 120 cm wide, 6 000 kGy m/min
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VTL SUMMARY

In offset printing one EB dryer installed at the end of the printing press can replace several
interstation UV dryers. The major disadvantage of EB-drying, the high price of EB-equipment,
disappeared. The prices of the new low voltage Microbeam LV and EC-60 EB-systems are now
competitive with thermal dryers and multi-station UV-dryers for web-offset printing.

In other applications low voltage EB offers distinct economical advantages. The energy
consumption of low voltage EB systems is lower than standard EB, and much lower than
UV or thermal drying. The EB production speeds are higher and, increasingly noticeable
especially in the USA, a 5% to 20% price advantage for EB over UV inks and coatings.
The financial advantages lead to a return on investment (ROI) which is superior to the use
of UV, solvent -or water-based chemistry(5).

In addition, only EB offers all advantages of radiation curing:

No heat, no odor, no photoinitiator. 100% cured inks and coatings including parts in the
substrate. No drying problems with heavily pigmented or several layers of inks. Constant beam
without degradation of (lamp) output. No replacement of lamps and generators after 1 000 or so
operating hours. Higher speeds and, last but not least, lower maintenance cost.

I am sure the advantages mentioned above could be applied to many and diverse applications.
Low voltage EB drying has become a real cost effective alternative for the inventive printer and
converter.
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