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Electron Beam Technology (EBT)
belongs to the class of novel and ad-
vanced material processing tech-
niques, more commonly known as
‘Power Beams’. The primary
attribute, that sets these beams apart
from the conventional energy sources,
is their enormous power density,
which for electron beams is in the
range of several tens to thousands of
GW/m (giga watts per metre). This
feature has  provided a new impetus
and a fresh direction to manufactur-
ing operations by opening up newly
accessible operating regimes for a
large number of mechanical, chemi-
cal and metallurgical industries. The
versatility and the wide-ranging
advantages offered by the Electron
Beam Technology strongly favour its
adoption to meet the stringent require-
ments of the strategic as well as
advanced technologies. Electron
beam equipment now operate over a
wide range of power levels, from a
few kilowatts to a few hundreds of
kilowatts.

With the availability of higher pow-
ers and increased sophistication, elec-
tron beams have become essential
part of the industrial processes includ-
ing welding, metal annealing, vacuum
metallurgy, surface coatings, precipi-
tation of chemical pollutants, cross
linking of polymers, curing of compos-
ites, radiography, radiation hardening
etc. More unconventional uses are
now being carried out in cancer
therapy, sterilization of medical prod-
ucts and sewage treatment.

The earliest use of electron beams
has been in electronic devices like
vacuum tubes, cathode ray and

microwave tubes. The application of
accelerated electrons encountered
on a daily basis, viz. the TV sets,
where the 20 kV beam is scanned left
and right and up and down causing
the screen to fluoresce and produce
an image. The television picture tubes
still remain a large scale application
of electron beams. The electron
beams are also being increasingly used
for sophisticated analytical techniques.
Electron beam micro-analytical instru-
ments include the scanning electron

microscope, electron probe micro-
analyzer and other sophisticated tech-
niques. The fundamental principles of
SEM design have the common links
to Electron Beam  Lithography
(EBL).

Electron Beam Technology-SWOT
Analysis

Regarding the strengths of  Elec-
tron Beam Technology, the electron
beam machine, of necessity, operates
under high vacuum conditions and this
ensures production of high purity
materials and highly reactive materi-

als with extremely high specificity.
The high control and the focusing
capability enable good spatial and time
resolutions. The presence of nega-
tively charged particle beams gives
access to the non-equilibrium operat-
ing regimes especially in non-thermal
processing of materials.

The primary disadvantage of EB
equipment is the high installation cost.
The vacuum chamber normally limits
the size of the work piece, though this
can be circumvented by local vacuum
EB equipment. EB processing is dif-
ficult when using materials contain-
ing high vapor pressure elements (lead,
zinc, etc.). During operation, the gen-
eral problem with electron beam
machines is the generation of intense
X-rays. The operator must be pro-
tected by thick plates of lead. In gen-
eral, the physics of the process is well
understood and the process works

well. Yet, there are gray areas in the
understanding of some of the phenom-
ena like key holing, radiation harden-
ing etc.

Looking at the opportunities, elec-
tron beams can be used for welding,
melting, coatings of ceramics, metals
and alloys and as a heat source in fur-
naces. The EB radiation processing
offers several advantages over the use
of radioactive source. The use of elec-
tron beams in pollution control, and in
scanning containers has opened up
several new avenues.

Plasma, electron and laser based
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machines are competing technologies.
Plasma jet and lasers can be used
under ambient operating conditions.
The high capital and operating cost of
EB machines makes them useful only
for specialized applications. Laser
Beam does not need a vacuum and
can be transmitted over long distances
without attenuation. It is not disturbed
by stray magnetic field and does not
produce X-rays. Plasma beam equip-
ment can be operated over a wide
range of operating conditions (vacuum
to high pressure) and environment
including field operations. The mate-
rial handling and powder processing
capability enables plasma to be used
for coating applications in an exten-
sive manner.

The Electron Beam Technology is
currently finding wide application not
only in nuclear, aerospace and
defence related industries but also in
conventional engineering industries.
The users of EB machines, whether
for thermal processing like welding,
melting and evaporation or for non-
thermal processing like plastics modi-
fication and irradiation, are steadily
increasing.

Electron Beam Technology in
India

In India, there are several institu-
tions working in the area of Electron
Beam Technology and applications.
BARC had realized the advantages
of using Electron Beam (EB) Pro-
cesses in nuclear industry about four
decades back when a decision was
taken to indigenously develop the tech-
nology and several  EB machines have
been build and operated.  BARC has
also embarked on the non-thermal use
of EB like plastics modification and
food irradiation.  For last few years,
BARC is actively involved in devel-
oping an Electron Beam Centre for
processing various materials by radia-
tion.  A considerable amount of knowl-
edge-base on design, development,
operation, maintenance and applica-

tion exists in the country, specifically
in BARC, Indian Space Research
Organistion, Hindustan Aeronautics
Ltd., and others.  A few of the pri-
vate industries have procured or pro-
curing EB machines.

BARC has been organizing semi-
nars on various aspects of EB Tech-
nology; Symposium on Electron Beam
Technology and Application (SEBTA-
2000), Power Beam & Materials Pro-
cessing (PBAMP-2002) etc.. The
Power Beam Society of India (PSI)
is newly founded society. The society
has been created to fill the lacunae
between advanced technology and its
implementation in industry. Its mission
is dedicated towards the advance-
ment of laser, electron and plasma
beam technologies in India, and appli-
cations in the materials processing
industry in particular.

Electron Beam Technology in
Bulgaria

The Institute of Electronics of the
Bulgarian Academy, at Sofia, Bulguria
has carried out extensive research and
development work in the field of EB
Technology and  Applications. There
are several electron beam welding,
melting and evaporation machines at
the Institute. Recently this Institute
organized the Seventh International
Conference on Electron Beam
Technnologies (EBT 2003) at Varna,
Bulgaria during June 1-6, 2003. The
previous conferences were  held at
Varna, during 1985 and 2000. These
conferences focus on Electron Beam
Technologies including applications,
bringing together mostly technologists
working in this field in Europe.

Indo-Bulgarian workshop
An Indo-Bulgarian workshop was

held at BARC, Mumbai during
November 19-21. The major themes
to be covered at the workshop were
as follows: Overview of Electron
Beam Technology in Bulgaria and
India, Design Aspect of EB systems

Basic Issues in Electron Beam
Technology

The electron beams are consid-
ered in terms of three basic aspect:
beam generation, beam transport
and beam impact.  The critical pa-
rameters are beam size, beam di-
vergence, location of beam waist,
source stability and reproducibility.
We need to develop; experimental
techniques to evaluate them, based
on the width of the melted zone,
electrical/optical and thermal mea-
surement.  Also, in general, there
is still a lack of clear basic under-
standing regarding the processes,
which occur ion the electron gun
region, beam-material interaction
region, and finally in the material
itself.  There are a few unsolved
questions, which need concerted
research effort.

for Thermal and Non-thermal Pro-
cessing, Electron Beam Welding Pro-
cess, Electron Beam Melt-Pool
Diagnostics, Industrial Standards and
Quality Control, Trouble Shooting and
Maintenance of EB equipment.

Joint Indo-Bulgarian Projects
It has been the experience that

such bilateral programmes generate
a number of collaborative activities,
that are mutually beneficial. The
application of the EB technology is
expanding so rapidly that it becomes
imperative that the industries of both
the countries participate to reap
maximum benefit. Apart from estab-
lishment of appropriate linkages for
cooperation, the participation of
industry personnel will promote the
possibility of formulating relevant
collaborative project proposals at the
conclusion of the workshop.

The Department of Science and
Technology has not only funded this
workshop but also encouraged
projects involving industries and R&D
institutions from both the countries.


