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ABSTRACT 
 

 
Brazil started the use of radiation technology in the seventies on crosslinking polyethylene for insulation 
of wire and electronic cables and sterilization of medical care devices. The present status of industrial 
applications of radiation shows that the use of this technology is increasing according to the economical 
development and the necessity to become the products manufactured in the local industries competitive 
in quality and price for internal and external market. The on going development activities in this area are 
concentrated on polymers processing (materials modification), foodstuff treatment and environmental 
protection. The development, the promotion and the technical support to consolidate this technology to 
the local industries is the main attribution of Institute for Energetic and Nuclear Research- IPEN, a 
governmental Institution.  
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1.0. INTRODUCTION 
 
Many peaceful nuclear technologies today stand firmly established. They are being widely applied and 
accepted around the world in such fields as health care, food production, manufacturing, electricity 
generation and environmental protection. Nuclear science and technology is making important 
contributions to meeting basic human needs and raising standards of living in the developing world. A 
1997 study in the United States found that peaceful nuclear in medicine, industry energy, agriculture and 
other fields generated US$ 421 billion annually for the US economy, including more than four million 
jobs and nuclear an radiation technologies, outside of electricity production, contributed near US$ 300 
billion a year to the economy. ( Qian, J. et al., 2001) 
 
The marketplace for non-power nuclear technology applications has two parts. The first is in the public 
sector developing programs in areas such as water, health, agriculture, nutrition and environment 
including  Ministry,  Nuclear  Institutes  and  International Organizations including IAEA, UNDP, 
WHO, FAO. 
 
The second part is the private sector that is the real commercial market based on the investment of 
private capital and sometimes together Nuclear Institutes, in a cooperation agreement, has the usual rules 
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of commercial competition need to be followed to win and keep clients: understanding the marketplace 
and its potential identifying future clients, setting prices that are both attractive to clients and profitable, 
knowing the competition’s and strengths and weakness, providing products and services that are tailored 
to client’s needs, sales, engineering, training and technical services and opportunities for technology 
transfer or for joint ventures based on proprietary technologies. (Barretto, P.M.C. et al., 2000) 
 
The main applications of Non-Power Nuclear Energy using radioisotopes or radiation technology are in 
the area of Nuclear Medicine: diagnostics and therapy of diseases, radioactive macro-imaging and tracer 
medical technologies, direct internal and external medical radiation technologies (radiotherapy), 
biomedical research and pharmaceutical drug testing and manufacturing radioactive materials (nuclear 
batteries) and irradiation of blood components.  In the food processing and agricultural area  the 
developing and main applications are in food irradiation, controlling insect pests, minimizing the use of 
fertilizer. 
 
In the area of industrial applications there are consolidated techniques such as: tracers for process and 
manufacturing quality control and optimizations, radiation detection for measurement (level gauges, 
thickness of metal or non-metal pieces) and irradiation of materials to enhance physical and chemical 
properties. For environment protection the nuclear techniques are applied in these fields: water resource 
studies (isotope hydrology, desalination, radiation technology to disinfect and treat drinking water, 
wastewater, industrial effluents and sludge), marine environment, flue-gases from coal-fired plants using 
electron beam, studies for the detection of abandoned landmines using neutron and characterization of 
water, soil and air using nuclear analytical techniques (neutron activation analysis).  
 
Applications of radiation process technologies contribute for increasing industrial process efficiency, 
energy conservation, and environmental protection and add value to products.  Radiation processing 
technologies has an important role during manufacturing of many products such as wire and cable, 
automobile tires, plastic films, surface treatment of materials. 
 
Brazil started the use of radiation technology in the seventies on crosslinking polyethylene for insulation 
of wire and electronic cables and sterilization of medical care devices. The present status of industrial 
applications of radiation shows that the use of this technology is increasing according to the economical 
development and the necessity to become the products manufactured in the local industries competitive 
in quality and price for an internal and external market.  
 
In many countries the main problems that have a critical pressure are food preservation, public health 
and environmental protection. Radiation technology, for instance in sterilization of medical devices, 
food irradiation, wastewater treatment, advance curing and polymer processing, can be an effective 
contribution for the alleviation of such pressure.  
 
The development, the promotion and the technical support to consolidate this technology to the local 
industries is the main attribution of  Institute for Energetic and Nuclear Research- IPEN, a governmental 
Institution. 
 
 
 
 



 3

2.0. RADIATION PROCESSING 
 
Radiation Processing refers the use of radiation as a source of energy for industrial processing and 
comprises the application of ionizing radiation on physics, chemistry, biology and microbiology fields.  
 
Two types of radiation sources are routinely used in radiation processing technology: gamma radiation 
from artificially produced radioactive isotope Cobalt-60 and high energy electrons produced by 
accelerators, in the energy range of 0.3 up to 10MeV.  
 
The choice of one or the other depends on the process and on economic considerations and both satisfy 
the main industrial requirements: availability in design and specifications to match industrial throughput, 
acceptable investment cost, high safety standards for operation and simple process control.  
 
It is important to clarify that one of the main requirements is well satisfied: “the irradiation with these 
radiation sources dos not produce any radioactivity in the irradiated material” and the irradiated 
products are safe for use immediately after irradiation. This process is competitive for processing some 
materials, present a competitive cost and is a safe technology for environment, for operating personnel 
and for end-users. (Markovic, V. 1988) 
 
The main applications of radiation processing technology are classified considering their developments 
are:  
♦ Established Technologies: 

1. Radiation sterilization  
2. Materials modification: a) Radiation crosslinking and b) Radiation curing 

 
♦ Emerging Technologies: 

1. Electron beam process treatment of flue gases;  
2. Radiation processing of industrial , municipal and hospital wastes; 
3. Treatment of drinking water, wastewater and industrial effluents; 
4. Food irradiation; 
5. Radiation vulcanization of natural rubber latex.  
6. Treatment of fresh-cut flowers 

 
♦ New Developments: 

1. Radiation immobilization 
2. Biocompatible materials  (hydrogel wound dressing membranes) 
3. Homeland security 

 
 
2.3.  Radiation sterilization 
 
Radiation sterilization is a well-established technique and has the purpose to improve hygienic quality of 
medical and pharmaceuticals products, raw materials and biological tissues. Commercial radiation 
sterilization started 47 years ago with the growth of the disposable medical products market. Currently, 
more than 50% of disposable medical products manufactured in North America, Europe, Japan and 
Australia are radiation-sterilized and worldwide, over 200 gamma irradiators are being operated for a 



 4

variety purposes in 55 countries, with a combined inventory of about 220 million curies. An increasing 
number of electron accelerators are also being used. (Morrisey, R.F. et. al., 2002)  
 
Radiation technology has uniform occupational safety standards in all countries and on the other hand, 
the competitive technique using ethylene oxide (Etox) is applied with varying degrees of safety 
standards in countries at different stages of industrial development and with a varying status of 
regulatory measures.  
 
The main problems associated with the use of Etox are: risk to operating personnel, risk to patients due 
to residues, and risk to general population due to environmental problem. These problems are adequately 
dealt with in industrialized countries, resulting in increased cost of the process and decreasing 
competitiveness and the opposite situation is evident in many developing countries. 
 
Several pharmaceutical products and raw materials are heat sensitive and Etox incompatible and 
radiation may be the only choice for sterilization of such products.  
 
The possibility of optimum dose setting in relation to the low-bioburden commonly encountered in 
many pharmaceutical products is an attractive feature of radiation sterilization.  The main products 
sterilized by radiation are: syringes, needles, catheters, intravenous sets, transfusion sets, gloves, 
artificial organs, Petri dishes, filters for haemodialysis, cotton, pads, bandages, swabs, sutures scalpels, 
pharmaceutical products (drugs, containers, raw materials, etc). 
 
Concerning to the biological tissues the advantages of ionizing radiation for the sterilization of human 
tissues, utilized in transplant surgery, it is well demonstrated. These tissues such as, skin, bone, amnion 
and other not viable tissues, can be treated with ionizing radiation to minimize the imunogenicity, to kill 
bacteria and to reduce the contagious diseases transferring risk.  
 
 
2.2. Materials modification: radiation crosslinking 
 
The property improvements of polymeric products are achieved by chemical or radiation processing. 
However, radiation crosslinking offers a number of technical advantages when compared with chemical 
methods. Crosslinking by radiation is effected with no pressure and is performed at low temperatures, 
thus temperature sensitive additives can be used in the process. A wider range of polymers can be 
crosslinked by radiation than by any chemical method. The degree of crosslinking can be easily adjusted 
and is easily reproducible by controlling the radiation dose. Electron beam crosslinking line speeds are 
orders of magnitude higher than those of chemically induced crosslinking lines. 
 
The finishes product contains no residuals of substances required to initiate the chemical crosslinking 
which can restrict the application possibilities of crosslinked polymeric products and when are used 
chemical crosslinked plants, a considerable amount of waste has to be taken into account for each start-
up and this problem can be excluded in irradiation process.  
  
The purpose of radiation crosslinking in polymeric  materials is to improve the mechanical and thermal 
properties and chemical, environmental and radiation stability of preformed  parts as well as bulk 
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materials. Both polymer crosslinking and degradation by chain scission occur during the treatment, but 
one or the other of these effects may be predominant in some materials.  (Machi, S., 2004) 
  
The main applications are: wire and cable insulation used in electric home appliances, computers, cars, 
motors, communication cables, etc, heat shrinkable products (tubing, film, tape, sheet, connectors), 
plastic foam, plastic pipes for hot water, pre-vulcanization of rubber tires, hydrogels used for enzyme 
supports and controlled release of drugs. (Chmielewski, A.G. et al., 2004) 
 
The advantages of radiation crosslinking are: savings in space and energy, more reliable for process 
control, application in wide range of polymers, simultaneous crosslinking in multilayer products, 
crosslinking of thin wires an thin insulation and insignificant amount of scrap. 
 
 
2.3. Materials modification: radiation curing 
  
The purpose of radiation curing is to polymerize coating formulations on different substrates, to cure 
adhesives in laminates, curing of printing ink for screen, label, offset, curing of surface coatings on 
paper, wood, metal, plastics, gypsum tiles, curing of magnetic media such as CDs, floppy discs, tapes. 
(Garnett, J.L.  1995) 
 
The main advantages of radiation curing using electron beam, according to Tabata, Y. (1981), from 
industrial point are:  
 
♦ Solvent-free coatings (100% of solid system – non polluting); 
♦ Decreased energy consumption and space requirements than with thermal curing; 
♦ High line speeds: complete curing of coating can be achieved in a matter of seconds; 
♦ Instant start-up  and shut down; 
♦ Room temperature curing; 
♦ No catalyst residues are in the product; 
♦ Superior coating qualities can be obtained with excellent finishes.  
 
The disadvantages of this process are that initial capital investment generally is high and the process is 
most efficiently adapted to flat surfaces because curing coating on three dimensional parts is relatively 
difficult.  
 
 
2.4. Food treatment 
 
Studies about foodstuff and medicinal herb irradiation are being done for more than 40 years. The 
electron beam and cobalt-60 gamma irradiation effects on food, its nutrients, shelf life and sensorial 
properties are subjects of these studies. The irradiated food detection methodologies development 
laboratory was implemented to control the processes. 
 
The use of ionizing radiation in the food production chain has many entries. For example, it can be used 
in soil treatment, seed decontamination, insect control, ripening delay, ready to eat food microorganisms 
reduction or elimination, food sterilization to feed immune deficient persons and sterilize food packages.  



 6

The international market also claims for infestation free fresh fruits, without the use of chemicals to treat 
them. Brazil has a great potential to supply the fresh fruit market and  the irradiation techniques are 
among the best choices to replace fumigation techniques, which leaves harmful residual chemicals. For 
this reason, the use of the new irradiation techniques to improve the fresh fruits and juices quality can 
become key activities for internal and international commerce. 
 
The international needs for animal proteins, like cattle meat, pork, poultry and fish, fresh, frozen or 
industrialized, is another future application for irradiation, specially to supply those markets were non 
fresh products are forbidden. Irradiation can reduce or eliminate the pathological microorganisms, 
avoiding the need to freeze the meat in order to make it safer after transportation.       
 
Acting with other research centers and with other countries, developments of ionizing radiation 
applications of foodstuffs are ongoing and future matters, as long as the best productivity available is 
desired. 
 
The commercial scale applications of irradiated food have a growing market, mostly due to the increased 
shelf life. To follow these needs, one of the goals of our researches is the optimization of industrial and 
commercial scale applications.  

 
 
2.5. Agricultural improvements 

 
The Brazilian agricultural grains productivity are increasing, so the Nitrogen consumed by plants 
increases too, but varies greatly from one species to another. Therefore is important to reduce 
dependence on chemical fertilizers through Biological Nitrogen Fixation (BNF), because the first use a 
large amount of oil to be produced and the last use the "solar energy", the Rizobium bacteria and the 
peat as carrier of this microorganism. 
 
In the case of soybean crop, that demands a high quantity of Nitrogen, the high costs of nitrogeneous 
fertilizers is becoming prohibitive so BNF have been emphasized for sustained and increased 
productivity. The beneficial effect of Rhizobium on the soybeans yield is apparent only when a large 
numbers of inoculated rhizobia are inoculated to get high Nitrogen Fixation in the absence of 
competitive microorganism. 
 
Careful preparation and use of inoculants for seed application indicate that peat based inoculant applied 
with sugar solution can supply 10.000 to 100.000 rizhobia  per seed. The higher numbers are needed to 
overcome adverse conditions. Brazilians producers of inoculants are usually commercialized in the form 
of peat flour that can be sterilized prior to the addition of rhizobia.  
 
The objective of peat flour sterilization is to eliminate competitive and undesired microbial cells prior to 
Rhizobia inoculation, this procedure do not significantly alter the chemical and physical characteristics 
of peat materials. 
 
Since August, 1st 2000, Hawaiian papayas are treated by EB radiation for mainland shipment to  fruit 
flies disinfestation. Papaya treatment by vapor heat or forced hot air for export must be picked before the 
fruit is suitably ripe. Papaya is subjected to temperatures of 117° for up to four hours. This results in 
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premature wrinkling due to water loss. Other fruits, like rambutan, star fruit, lychee, and atemoya have 
been treated for retail distribution.  http://www.hawaiipride.com/whywetreat.html  
 
Fruit fly radiation disinfestation for those and several other tropical fruits have a great potential of 
increasing application in emerging tropical countries. 
 

 
2.6. Sanitary barrier 

 
The use of radiation as a sanitary barrier can also be very useful. The infestation control methods and 
sterilization of potentially hazardous transported packs are some of the known applications. The main 
advantage in this application is the radiation penetration feature, which allow the complete 
decontamination of anything inside a package without the need to open it, bioterrorism agents that are 
concealed, or not easily identified by an inspector, can be treated, the risk of contaminating inspectors or 
facilities using this treatment method is very low and radiation doses can be selected to neutralize a 
variety of  bioterrorism agents, diseases and insects. (Desrosiers, M.F.  2004)  

 
In the known anthrax mail episode, some US mailing offices were equipped with irradiation devices to 
decontaminate suspicious letters. The irradiation can even kill heat resistant microorganisms with almost 
no change in the treated letters, without the need to open them.  By the end of 2003 about 4000 tons of 
letter mail and 200 tons of parcels were sanitized. (Desrosiers, M.F.  2004)  
 
Hazardous disposal from hospitals, veterinary centers, biological research centers and other places were 
potentially hazardous organisms are handled can be radiosterilized and become ready to be recycled.   

 
 
2.7. Radiation Sources  
 
Electron beam accelerators and gamma irradiators with Cobalt-60, isotope produced in nuclear reactor 
are used as radiation sources. Differences between gamma rays from Cobalt-60 sources and electron 
beams are dose rate and penetration of radiation as shown in Table 1. In general gamma irradiators are 
used for the irradiation of high-density and large-volume materials while electron beams are suitable for 
the irradiation of thin materials such as plastic films and surface coatings. (Makuuchi, K. 1992)  
 

Table 1. Comparison of characteristics of gamma rays from Co-60 and electron beams 
 

Characteristics Gamma rays Electron beams 
 

Energy 1.17 MeV + 1.33 MeV 0.2 – 10 MeV 
Power 1.48kW/100kCi 1.5 – 400kW/unit 

Dose rate Low ( ~10kGy/hr) High ( ~10kGy/sec) 
Penetration High (43 cm in water) Low (~0.35cm/MeV) 

Energy utilization efficiency Low (~40%) 10 ~ 90% 
Production rate Low High 
Maintenance Replenishment of source Knowledge of electronics 
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The market use of an industrial accelerator dictates the accelerator voltage of choice and its 
corresponding electron beam penetration. In the low-voltage, self-shielded area, new accelerators at 
voltages as low as 80 kV are finding use. These have sufficient penetration to cure the 3 to 8 micron 
deposition of some material. The systems with high-energy such as 10 MeV, have been used in the 
sterilization of medical devices, gemstones enhancement etc. where greater beam penetration is 
demanded. The Table 2 shows the electron beam penetration and the market segment. (Berejka, A.J. 
1995, 2004) 
 

Table 2. Market segment according to electron beam penetration. 
 

Market Segment Typical Energy Penetration 
 

Surface curing 80 – 300 keV 0.4 mm 
Shrink film 300 – 800 keV 2 mm 

Wire & Cable 1.5 MeV 5 mm 
Sterilization 10 MeV 38 mm 

 
To deal with site-specific environmental problems, transportable electron beam systems have been 
developed which consist of placing a self-shielded unit into a large sized trailer. In the mid-1980s, 
kenforschingszentrum Karlsruhe developed a system using a electron beam, curtain type, to treat flue 
gases on site.  In the 1990s, The Raychem Corporation and High Voltage Environmental Applications 
(HVEA) constructed a transportable system to treat and remediate contaminated groundwater and 
industrial wastewater.  
 
In the worldwide there are approximately 190 Cobalt-60 gamma irradiators and the number of electron 
beam accelerators for radiation processing being close to 1,200 and are used in different fields such as 
radiation sterilization of disposable medical products, pharmaceutical products, biological tissues, 
materials modification (polymers modification), food irradiation, environmental applications (flue gases, 
water, wastewater and sludge treatment) The Table 3 shows the present status of gamma and electron 
beam facilities in Brazil, South America, Japan, USA, World.  

 
 

Table 3.  Status of gamma and electron beam facilities in the worldwide 
 

 
Facilities South 

America 
Brazil Japan USA World 

 
 

Gamma Irradiators 
(100kCi-10MCi) 

 
11 

 
7 

 
8 

 
30 

 
> 190 

 
 

 
EB Accelerators 

(300keV-10MeV) 
(1kW-600kW) 

 

 
 

13 
 

 
 

11 
 

 
 

> 280 

 
 

> 300 

 
 

> 1200 
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3.0 PRESENT STATUS ON RADIATION PROCESSING IN BRAZIL 
 
Nowadays Brazil has 7 large gamma facilities, 11 industrial electron beam accelerators dedicated to the 
sterilization of medical care products, crosslinking of polymers (tires, cables and shrinkable films), 
reduction of microbiological contamination and disinfestation of food stuff. In the table 4 are presented 
the gamma and electron beam facilities used for Services and Research and Development in radiation 
processing.  
 
 

Table 4. Industrial Irradiation Facilities in Brazil 
 
 

GAMMA FACILITIES 
 

Name Location Quantity Application 
Johnson&Johnson São José dos Campos 

São Paulo 
1 Sterilization in house facilities 

Embrarad Cotia  - São Paulo  2 Contact service  
Tech Ion Manaus, Amazonas  1 Food Irradiation 

CDTN-CNEN/MG Belo Horizonte, MG 1 Research  
IPEN (**) São Paulo 1 Research, training, support to the local 

development 
CBE (**) Jarinu – São Paulo 1 Contract service 

 
ELECTRON  BEAM  FACILITIES 

 
IPEN  São Paulo - SP 2  (1,5 MeV RDI)  research and 

development and crosslinking services 
Grace São Paulo - SP 3 (0,3 MeV ESI)  crosslinking of  

package film 
Tetrapack São Paulo - SP 1 (0,3 MeV) crosslinking of  

package film 
Unipack São Paulo - SP 1 (0,3 MeV RPC) crosslinking of  

package film 
Iracome Irati-Paraná 1 (0,8MeV) wire and cables  

crosslinking 
Bridgestone 

Firstone 
Santo André  - SP 2 (0.3MeV ESI) crosslinking of 

tires components  
Pirelli Santo André  - SP 1 (1.5 MeV RDI)  wire and cables 

crosslinking 
GAMMA  IRRADIATION  FACILITY  IN  CONTRUCTION 

 
CENA Piracicaba city - SP 1 Research, training on food irradiation  

 

** Irradiators developed in Brazil  
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3.1. DEVELOPMENTS 
 
The on going development activities in this area are concentrated on:  
 
Polymers processing: new formulations for of wire and electric cable, plastic recycling, studies and 
development of formulations to cure polymeric materials by UV/EB radiation, studies on radiation 
resistance of various polymers for applications in some fields such as sterilization of medical devices 
and food packaging. (Ferro, W.P. et. al., 2004 and Ruiz, C.S.B., et al., 2001) 
 
Environmental protection: studies are performed to demonstrate the efficiency of radiation technology 
to treat drinking water, wastewater, industrial effluents and sludge using real samples from Municipal 
plant and industries. (Duarte, C.L., et al., 2004 and Borrely, S.I., et al., 2000).  
 
Using electron beam accelerator it is been designed a movable demonstration facility to study the 
efficiency of removal and degradation of toxic and refractory compounds from mostly industrial origins, 
to destroy pathogenic microorganisms in wastewater. 
 
The project has a conception of a movable facility to be set up a truck trailer. The Figure 1 illustrates the 
disposition of electron beam and associated systems. The irradiation device will be the type “up flow 
stream” developed at IPEN – Brazil that can be fitted with a titanium foil window becoming the 
hydraulic circuit self-contained protecting the environment. (Rela, P.R.  et. al., 2000) 
 
The movable and demonstration facility will avoid the cost and risk involved in transport of hazardous 
polluted effluent and this feature will become this radiation technology process cost effective when 
comparing with alternative technologies (example: high temperature incinerator) 

3 5
2
1
Fig. 1. M
 

 

1- Hydra
2- Electro
3- Air co
4- Diesel
5- Contro

obile electron beam wast
4

 
ulic system 
n Beam 600MeV- 50mA 

oling system 
 electric generator 
l room 

ewater treatment facility 
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Food treatment: studies about foodstuff and medicinal herbs irradiation are being done using electron 
beam and gamma facilities and this application is increasing very fast in the country.  (Sabato, S. 2004).  
To control the process it was implemented a laboratory for the development of methodologies for 
detection of irradiated food. (Villavicencio, A.L. C.H., et. al.,  2004)  
 
To promote the use of this technology on food irradiation is being developed a special irradiation device 
using fluid bed technology in order to process continuously grains and powders. This device with a low 
energy electron beam (600keV) will set up in a truck as a demonstration facility. 
 
The fluid bed device is being developed for scanned EB systems, because these kinds of accelerators are 
limited to few hundreds of keV. The fluid bed device is idealized to be setup in most of the EB systems, 
scanned or electron shower devices, and will be one of the devices used with the 600keV scanned EB 
demonstration facility setup in a truck.  
 
The fluid bed device has horizontal flow in the irradiation area and the input-output paths follows the 
installed conveyors in order to make minimal modifications in the facility. The simplified scheme is 
shown in figure 2.  
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7 - Fluidization and 
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9 - Output transport pipe 
10 - Beam-horn 
11 - Auxiliar window 

 
Fig. 2. Transport system, fluid bed and irradiation chamber simplified scheme. 
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The fluid bed will have two critical features: to make a homogeneous mass distribution and to control 
the product density inside the irradiation chamber. These features are very important to optimize the EB 
accelerator use, with high efficiency and high dose uniformity. The product mass throughput and beam 
current will determine the ionizing radiation dose.  
 
The main advantage in the fluid bed device is the absence of moving parts in the irradiation chamber 
and, with a pressurized transport system it gets easier to make a continuous feeding device. As long as 
many processes with powders already use the pressurized transport systems, a facility with an EB 
machine can be mounted inline with the whole process. The radiation shielding and other systems are 
being considered in the study of process line. 
 
As a closed system, it will be ideal for use in food processing, medicinal herbs, powders and many 
powdered solids, like turf and contaminated soil. Outside environment will not influence the process and 
the processed material won’t contaminate the environment. 
 
Another areas of development are the induction of color in gemstone to improve the commercial value 
and the development and construction of industrial irradiator to attend the local necessity of large 
facilities. (Calvo, W.A.P., et. al., 2004).  The figure 3 presents the new gamma irradiator of IPEN 
developed and constructed with Brazilian technology.   
 
 

 
 
 

Fig. 3.  Multi application gamma irradiator – IPEN - Brazil 
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