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INTRODUCTION

Recently the World Bank reported that the world population would increase to 8.47
billion in 2030 from 5.7 billion in 1995. In order to supply enough food and energy to meet
the demands for such a tremendous growth of population, significant effort is required for
sustainable development where nuclear technologies can contribute.

At present 430 nuclear power plants are in operation throughout the world supplying 17 %
of the total electricity consumption. The share of nuclear power in the electricity generation
in different countries is shown in Figure 1. IEA (International Energy Agency) estimates a
48% increase of energy demand by the year 2010 from 1990. Nuclear energy will continue
to supply an important part of the energy demand. It should be noted that nuclear energy is
environmentally friendly because of non-emittance of SO2, NO, and CO2.

The radiation and isotope technologies are very useful for improvement of productivity
in industry and agriculture. Health care has also benefited from nuclear techniques. Figure
2 shows a tremendous increase of isotopes and accelerators in industries, hospitals and
research institutes in Japan, as an example.

This paper reports the current status of applications of radiation technology and
radioisotopes in industries, environmental conservation and medical products.
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Figure 1- Nuclear Share of Electricity Generation (as of 31 December 1993))
Note: The nuclear share of electricity supplied in Taiwan, China was 33,5% of the total.
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1. Radiation Processing

(1) Features and Advantages of Radiation Processing

Radiation processing is a widely used technology on industrial production lines.
Compared to more conventional processing methods, it has a number of advantageous
characteristics. They are related to its energy efficiency; ease of control; and flexible
capabilities for applications involving various types of materials.

Table 1. Advantageous Characteristics of Radiation Processing

Temperature independence in inducing chemical reactions bringing about energy
saving

Ease of controlling process
Capability of inducing reaction in solid substance
Capability of sterilization and disinfestation

Worldwide, there are approximately 180 industrial Co-60 gamma irradiators and 700-800
electron beam accelerators for industrial use. As an example, the rate of growth in radiation
processing application in Japan is shown in Figure 3 in terms of increase in number of
electron beam accelerators which is a mjaor source of radiation.

In developing countries, radiation technologies are being increasingly applied, frequently
with support from the IAEA for the development of required human resources and acquisition
of equipment.
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Figure 3. Number of Electron Beam Accelerators in Japan
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(2) Radiation Sources

Electron beam accelerators and Cobalt-60 are major radiation sources for industrial
purposes. An electron beam accelerator is a well known piece of equipment. One model of
it, for example, is used throughout the world - a television set. An electron beam accelerator
is only a more powerful cathode-ray tube as shown in Figure 4. Today, powerful, very
reliable and easy to operate accelerators are available at a reasonable price. The practical
energy range for industrial processing is between 0.15 and 5 MeV. The penetration range
of electron beams of 1 MeV in water is about 4 mm for practical purposes.

High voltage
terminal

Fluorescent .,, , '•;:.•
: ' screen - '. ' ' Titanium foil Irradiated object

, C a t h c < l e - r a y l u b e v v / i - j j ; - ; , ; . _ Electron beam gun

Fig. 4. Electron beam acclerator.

Co-60 is widely used as gamma radiation source. Its half life is about 5 years. The
penetration range of gamma ray is much larger than that of electron beams, hut the radiation
intensity of gamma from Co-60 is much lower than that of electron beams from high power
accelerators. Co-60 is artificially produced in nuclear reactors by exposure of metallic cobalt
to high flux neutrons. The Co-60 source is sealed inside a double stainless steel capsule in
a shape like pencils.
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In a typical industrial facility, the Co-60 pencils are arranged in a source rack which can
be lifted into a radiation area for processing and afterwards lowered back into a safe position,
usually at the bottom of a pool of water of 5-8 m depth. During processing the source is
stationary and products are moved on a conveyor around it.

SOURCE PASS
MECHANISM SOURCE HOISTS

LOAD/UNLOAD
PRODUCT TRANSFER

UNLOAD STATION

RADIATION ROOM

Fig. 5. Industrial Co-60 gamma radiation facility

(3) Polymeric Products

Commercial production of cross-linked polyethylene for insulation of wire and cable was
first achieved by using radiation processing in the United States in the 1950s. Since then,
research and development activities have brought successful industrial applications in
manufacturing different kinds of polymeric materials with unique properties using radiation
processing. Examples of specific materials produced using radiation processes are listed in
Table 2.

Pi 13
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Table 2: Industrial products of polymeric materials using radiation processing

Products

Cross-linked wire and cable

Foamed polyethylene

Heat shrinkable tubing and sheets

Curing of surface coating for wood panel,
paper, roof tile, steel plate, gypsum tile,
overcoat of printing and floppy disks

Adhesive tapes

Wood-plastic composites

Polymer flocculants

Automobile tires

Teflon powder

Contact lenses

Water absorbents

Deodorant fiber

Cross-linked polyurathane

Cross-linked nylon

Battery separators

Wound dressing

Super heat resistant SiC fiber

Remarks

Heat and chemical resistant insulation

Food packaging, insulation, protection for
corrosion

Energy saving, environmentally friendly

Abrasion resistant, water resistant

High molecular weight products

Cross-linking of rubber

Decomposition of used teflon

Hydrogels

Disposable diapers, etc.

Cable insulation for antilock brake sensor

AAc grafted polyethylene

Hydrogels

Metal composite
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In many cases, radiation processing provides distinct advantages over conventional
processes in terms of product properties, economies of production, wide range of processing
temperatures, and environmental protection.

(a) Radiation cross-linking and grafting of polymers

Radiation induced cross-linking of polymers and grafting of additional molecules onto
polymers are major reactions to produce new polymeric materials by radiation processing.
Schemes of these reactions are shown in Figure 6.

Most of heat and chemical resistant wire and cables are insulated with radiation cross-
linked polyethylene or polyvinylchloride using electron beams. Such wires are used in TV,
automobiles, refrigerators, telecommunication systems and other electrical appliances.

In the automobile industry, radiation processing is used to crosslink rubber molecules to
improve physical properties for the production of radial tires. For example, Michelin in
France, Goodyear in the USA, Bridgestone in Japan have been producing tires using
radiation processing.

Heat shrinkable polymeric materials produced by radiation processing are unique
products widely used for food packaging, electrical insulation at juctions, corrosion
protection of underground pipeline welds and etc.

Flooring material composed of wood-plastic composites which is produced by radiation
polymerization of liquid monomer in wood are increasingly used, particularly in the USA and
Japan. This material does not need waxing and has a beautiful natural grain, being scratch
resistant and water resistant. These advantages are particularly appreciated for flooring in
schools, department stores, air terminals, and churches.

(b) Radiation curing of surface coating

Radiation applications for curing surface coatings are expanding, both in terms of the
amount of products being processed and the development of new products. The expansion
is tied to the technology's advantages in areas of product quality, energy efficiency, and
environmental protection.

In conventional thermal curing of coatings, organic solvents are evaporated to produce
polymer films on substrate. The evaporated solvents (hydrocarbons) are emitted into the
atmoshpere as greenhouse gases and they form oxidants. World consumption of conventional
coatings is approximately 20 million tons per year. As a consequence, 8 million tons of
organic solvents (40% of the total consumption of surface coatings) are emitted into the
environment each year. Curable coatings produced by electron beams and ultraviolet light
do not contain solvents, and their use thus avoids such emissions. However, these radiation-
curable coatings still constitute only 1 % of all coatings used. In the interest of environmental
protection, use of this new coating is expected to grow rapidly.
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Figure 6. Reaction scheme of radiation-induced cross-linking and grafting of polymers.
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(c) New developments

Research and development now is being carried out on the preparation of advanced
materials, such as new drug delivery systems, biocompatible materials, and silicone carbide
(SiC) fibers.

A new super high-temperature resistant SiC fiber has been developed at the Japan Atomic
Energy Research Institute (JAERI). The fiber was prepared from radiation cross-linked
polycarbosilane (PCS) fiber followed by heat treatment at 1200°C. It has shown much better
heat resistance than SiC fiber prepared from chemically cross-linked PCS (the conventional
method) as shown in Figure 7.

The dose requirements for cross-linking is 10 MGy by an electron beam accelerator. A
commercial plant to produce one ton of SiC fiber per month will be in operation, in 1995.

I I I T

Radiation
process

Fig. 7. Heat resistance of newly developed SiC fiberin comparison with conventional one.

(4) Sterilization of Medical Products

Radiation sterilization of disposable medical products is one of the most successful
industrial application of radiation processing. Many different kinds of disposable medical
products, such as syringes, needles, catheters, scalpels, sutures and dialyser sets are sterilized
by radiation.

In industrialized countries, between 40% and 50% of medical products are sterilized by
radiation processing. The remaining are sterilized by ethylene oxide gas.

pn?
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The percentage of radiation sterilized medical products is expected to reach
approximately 80% in years ahead. The process employs either electron beam accelerators
or cobalt-60. Radiation processing has proved to be technically better than the conventional
ethylene oxide process with regard to safety for workers and consumers, reliability of
disinfection, and simplicity of processing. This technology is suitable for sterilization of a
variety of materials. Radiation penetrates every part of a product and any kind of packaging.
It is cost-effective if applied on an industrial scale. This application is projected to grow
rapidly in developing countries. The IAEA and United Nations Development Programme
(UNDP) have implemented projects for radiation sterilization plants in India, Republic of
Korea, Chile, Hungary, Iran, Turkey, Peru, Bulgaria, Portugal, Syria, Ecuador, and Ghana.

One of the constraints to the introduction of this technology to developing countries is,
in some cases, the need for materials specially stabilized for radiation sterilization.
Therefore, process validation must include examination of the radiation compatibility of
materials used in product manufacture.

Also gaining wider acceptance is the radiation sterilization of cosmetic products and raw
materials for pharmaceuticals.

(5) Applications for Environmental Protection

(a) Cleaning of Flue Gases

Deterioration of the environment by pollution is the global concern. The emission of SO2

and NOX into the atmoshpere from coal or oil-burning power plants and industrial plants is
one of the major sources of environmental pollution. These pollutants cause acid rain and
also contribute to the "greenhouse effect".

Innovative technology using electron beams to simultaneously remove these pollutants
by irradiation was first developed in Japan and followed by research groups in the United
States, Germany, Poland, Italy, and China. As shown in Figure 8, after the flue gas is cooled
by water spray to 70° C, it is exposed to high energy electron beams during passing through
an irradiation chamber in the presence of a near stoichiometric amount of ammonia which
has been added to the flue gas prior to the irradiation zone. The SO2 and NOX are converted
into their respective acids, and these acids are subsequently converted into ammonium sulfate
and ammonium sulfate-nitrate. These are then recovered by an electrostatic precipitator. The
by-product is a useful fertilizer for agricultural purposes.

This innovative technology' has been demonstrated by large pilot scale plants in Japan,
USA, Germany, and Poland as listed in Table 3.

pit?
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Table 3. Development of electron beam technology for cleaning flue gases.

Institution/Year

JAERI
1981

Institute of Nuclear
Chemistry & Tech-

nology, Warsaw
1989

Karlsruhe Agate II
1989

Ebara Fujisawa
1991

INCT/Kaweczyn
power plant 1992

NKK-JAERI
Matsudo City

1992
Ebara-JAERI Chubu

1992

Ebara-Tokyo-EPA
1992

Volume flow rate

900 l/h

400 m3/h
Oil-fired

1000m3/h
Crude oil

1500m3/h :

Oil-fired and in-
cineration gas

20 000 m3/h
Coal-fired

Incineration gas
1000m3/h

12 000 m3/h
Coal-fired

Auto-tunnel exhaust
gas 50 000 m3/h

Accelerator

1.5 MeV
20 MA

775 KeV
5.4 kW

500 keV
50 kW

500 keV
15 kW

500-700 keV
2-50 kW
900 keV
15 kW

800 keV
36 kW x 3 heads

(=108kW)

500 keV
12.5 KW x 2 heads

(= 25 kW)

SO2/NO* raw gas
concentration

(ppm)
1000/5000

0-1200 /-
0-400

400-1000
300-1000

0-1000
0-200

200-600
250

SO2-100
NOx-100

HCL-1000

800-1000
150-300

NO,
0 -5

Temperature
(°C)

80-150

60-150

60-120

65

60-120

150

65

Ambient
(20)

Flow diagram of electron beam process
for flue gas treatment

Spray __
cooler

Power
supply

- Electron beam gun

Byproduct
collector

Process vessel

Stack

— Fertilizer

Figure 8. Flow diagram of electron beam process for flue gas treatment
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The pilot-scale plant being currently in operation in Warsaw was constructed through a
joint project of the IAEA and Poland. The pilot plant has the capacity to clean 20 000 m3 of
coal-burning flue gases from the local heating plant.

Recently, the plant's continuous operation for more than one month successfully removed
95% of the SO2 and 80% of the NO, from flue gases. As an IAEA model project, an
industrial-scale electron beam plant for cleaning emissions from Poland's coal-burning power
stations is planned.

In Japan three pilot-scale electron beam plants for treating flue gases from coal-burning
power stations, municipal waste incinerators and traffic tunnels, respectively, are operating
smoothly.

The advantages of this technology over conventional processes for treating flue gases are:

- It is the only process to simultaneously remove SO2 and NOX.
- The by-product of the process can be used as agricultural fertilizer.
- It is a process which does not require large amounts of water.
- It can meet the stringent requirements for removal efficiency of SO2 and NOX.

The economics of the process have been studied for various kinds of fuels which have
different SO2 and NO, concentrations. It looks promising that the system will be available
in the range of US$200 per kilowatt for the installed cost. From the tabulation of costs for
existing conventional FGD systems, it can be seen that the electron beam process is
competitive with all existing SO2 removal systems. When factoring in the cost of an SCR
(Selective Catalytic Reduction) removal system for NO,, which is approximately US $80 per
kilowatt, it can be seen that the installed costs for the projected electron beam process make
it one of the most economical systems to install and operate in a power station. (Figure 9).
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(b) Disinfection of sewage sludge and its recycling

Disinfection of sewage sludge by radiation has been studied at pilot- and full-scale plants
in Germany, Japan, USA and India. Irradiated sludge is used on farm land as an organic
fertilizer. In Japan, the technology of sludge irradiation followed by composting has been
developed to produce disinfected compost for agriculture. The IAEA plans to start a new
programme in 1995 to enhance the transfer of this technology to end users.

(c) Cleaning of water

Removal of organic pollutants by radiation in waste water and in drinking water also is
being studied. A pilot-scale plant is operating in Austria for the treatment of drinking water
using electron beams and ozone. In Miami, Florida, an engineering study has been carried
out to evaluate the efficiency and cost-effectiveness of electron beam treatment for removing
toxic pollutants in water streams, such as groundwater, secondary effluents, and potable
water.

2. Nucleonic Control System (NCS)

The nucleonic control systems have been applied in many kinds of industries, such as the
paper, steel, plastic, aluminium, glass and metal coating industries. NCS involves the use of
nucleonic gauges to accurately measure key parameters in a manufacturing process and
convert the measurements to electrical signals which are used to readjust the parameters to
predetermined optimum values. One particular advantage of nuclear techniques is that they
permit continuous real time control of the process. NCS results in enhanced product quality
and improved economics of operation through reduced product wastage and more efficient
energy usage.

. • Output signal
,

\ \Temperature signal \ y
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y/\ Head amplifier

— \

Detector
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Air purge

Temperature signal

• 10 Radioisotope sensor for monitoring the thickness of paper. The greater the thickness, the lower Che intensity
of transmitted radiation and the lower the output signal. The thermal control gives greater stability. This type of sensor
has been used at the Siamkraft Industries Company Ltd training and demonstration facility established within the frame-
work of the Regional Industrial Project.
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Table 4 shows the number of nucleonic gauges used in different kinds of industries in
Japan as of March 1992

Table 4. Major isotope gauges and radiography equipments used
in industry in Japan (as of 31.03.92)

Gauges

Thickness gauges

Level gauges

Density gauges

Moisture gauges

Sulphur analyzers

Cigarette weight
controller

Gas chromatograph

Radiography

Nuclide

Kr-85
Am-24)

Cs-137

Cs-137
Am-241

Am-241

Am-241

Sr-90

Ni-63

Ir-192
Co-60

Number

2,580

1,567

738

177

354

841

1,432

964

Industries

pulp and paper, steel,
chemical, textile, rubber
etc.

chemical, textile, pulp and
paper, petroleum, steel, etc.

chemical, pulp and paper, steel
etc.

chemical, steel, etc.

petroleum, chemicals, etc.

tobacco

chemical, food, steel, electric
machine etc.

steel, machinery, NDT service,
etc.

(Nuclear Safety Bureau, Science and Technology Agency, Japan, 1992)



- 15 -

Under the RCA Industrial Project this technology has been well transferred to the
Member States as shown in Table 5.

Table S. Applications of Nucleonic Control Systems in
Various Industries in Selected RCA Member States*

Number of insulted gauges

1982 End of 1986

Paper 45 201
Steel 649 1110
Minerals 25 259

' China, India, Indonesia, the Republic of Korea,
Malaysia, the Philippines and Thailand. This informa-
tion is based on replies given to a questionnaire.

3. Maior Mechanisms of Implementation of the Agency's Programme for Technology
Transfer

(1) The Research Contract Programme

One of the main mechanisms for the implementation of the programme in Nuclear
Applications of the Department of Research and Isotopes is the Research Contract
Programme.

The programme unites researchers in developing and industrialized countries in
progressing toward common research goals. It offers guidance to scientists from the
developing world and provides opportunities for scientists in all Agency Member States to
freely communicate and exchange information on research activities.

Under this programme, the Agency places contracts and agreements with research
centres, laboratories, universities and other institutions in Member States to conduct research
projects in relation to its scientific programmes. Most of these contracts and agreements are
components of Co ordinated Research Programmes (CRPs) - research endeavours planned
by the Agency which offer groups of scientists the chance to tackle a common problem co-
operatively.
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Research work in nuclear applications is currently being carried out under 1373 research
contracts and agreements in about 90 Agency Member States. The achievements of all
research contracts and agreements are widely available to Member States through Agency
publications and publications in recognized scientific journals.

In 1993 the Agency has financed from its regular budget research and related activities
in nuclear applications amounting to US$ 3.2 million.

(2) Model Projects and Technical Cooperation Projects

The IAEA has launched the Model Projects of Technical Cooperation for developing
countries in 1994. Basic features of the Model Projects are: the project should be in response
to a real need of the recipient country, there should be a significant economic or social
impact for the end user, nuclear technology should play an indispensable role, and the local
environment (committment, infrastructure, etc.) should be conducive to sustainable success.

Twelve Model projects are listed in Table 6 which will be implemented during 1994-1998
with the Technical Assistance and Cooperation Funds of US$ 8.9 million and Extrabudgetary
Funds of US$ 17.5 million.

Table 6: IAEA Model Projects of Technical Cooperation

1. Industrial Scale Demonstration Plant for EB Purification of Flue Gas, Poland

2. Tsetse Eradication on Zanzibar Island, Tanzania

3. Radiation Sterilization of Human Tissue for Transplantation, Sri Lanka

4. Production of Gel " T C Generators for Nuclear Medicine, China

5. Industrial Scale Irradiation of Rice and other Foodstuffs, China

6. Upgrading Radiation Protection Infrastructure, Interregional

7. Strengthening Training for Operational Safety at Paks NPP, Hungary

8. Strengthening of the Nuclear Safety Regulatory, Slovak Republic

9. Screening of Newborns for Neonatal Hypothyroidism, Tunisia

10. Upgrading Waste Management Infrastructure, Interregional

11. National Radiography and Nuclear Medicine Network, Ghana

12. Fruitfly Eradication in the South Region, Argentina
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