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"Forum for Nuclear Cooperation in Asia (FNCA) Workshop on Application of
Electron Accelerator" was sponsored by the Ministry of Education, Culture,
Sports, Science and Technology (MEXT) and co-hosted by Malaysian Institute for
Nuclear Technology Research (MINT) and Japan Atomic Energy Research
Institute (JAERI). It was held at the Legend Hotel, Kuala Lumpur, Malaysia from
18 to 22 August 2003.

The Workshop was attended by 28 experts on application of electron
accelerator from each of the participating countries, i.e., China, Indonesia, Korea,
Malaysia, The Philippines, Thailand and Vietnam, and participants from Japan.

On the first day, a National Executive Management Seminar on Application of
Electron Accelerator was held and attended by 87 participants.

Total of 19 papers including Seminar lectures, invited papers on film treatment
by electron beam, and country reports on EB irradiation system were presented.

The major areas of interest of FNCA member states for cooperation were
identified for application of low energy electron accelerator as liquid, thin film
and granules. The flue gas and wastewater treatments were added to the above
major areas.

Based on the proposal from the participating countries, discussions were
carried out to re-formulate the work plan of the project for three years until FY
2004.

All manuscripts submitted by every speaker were included in the proceedings.
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1. Opening Address

Opening Address at
National Executive Management Seminar on the

Applications of Electron Accelerator

Shinya TAKEUCHI,

Director for International Nuclear Cooperation
Atomic Energy Division

Research and Development Bureau
Ministry of Education, Culture, Sports, Science and Technology

August 18, 2003

Selarnat pagi!
Dato' Dr. Ahmad Sobri Hj. Hashim,
Distinguished Guests,
Ladies and Gentlemen:

On behalf of Ministry of Education, Culture, Sports, Science and Technology
(MEXT for short) of Japan, one of the sponsors, I would like to extend our
congratulations to the organizers of this challenging event, Malaysian Institute for
Nuclear Technology Research (MINT) and Japan Atomic Energy Research Institute
(JAERI).

As all here present well know, this seminar is held in conjunction with or as part
of FNCA 2003 Workshop on Application of Electron Accelerator. The professors of
the seminar therefore have come from four FNCA countries, China, Korea, Japan and
Malaysia, and have put together an attractive and informative program.

I would like to highly appreciate the intention of this Executive Management
Seminar, because it is consistent with the aim of the FNCA itself in that emphasis is put
on the relation between nuclear or radiation R&D and its end-users.

The NCA, Forum for Nuclear Cooperation in Asia was established, strictly
speaking renewed, three years ago by the initiative of the Japanese Atomic Energy
Commission and now consists of nine countries - Australia, China, Indonesia, Korea,
the Philippines, Thailand, Vietnam, Malaysia, and Japan. We are proud that it has been

1 
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recognized as an effective mechanism aiming at enhancing socioeconomic

development through active regional or multinational partnership in the peaceful and

safe utilization of nuclear science and technology.

The Workshop was introduced under the cooperative activities of the NCA two

years ago. During the past two years the Takasaki Radiation Chemistry Research

Establishment had acted an incubator of this workshop, and this year at last it has flown

over the ocean to the city of Kuala Lumpur, thanks to the understanding and

cooperation of the Malaysian government, especially M[NT.

The objective of the workshop or project is to develop new technology of low

energy electron beam irradiation system that has a variety of applications such as

radiation processing, environmental conservation. Some important and useful pieces of

information will be lectured by the experts later on in this seminar.

I should like to end these words of congratulations, gratitude and welcome

with an earnest prayer for the great success of this Seminar and the whole

Workshop throughout the coming week.

I want to thank you all very much for your attention.

- 2 -
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1.2 Welcoming and Opening Address at
The National Executive Management Seminar on The Applications of

Electron Accelerator
- FNCA 2003 WORKSHOP -

18 August 2003, Legend Hotel, Kuala Lumpur

Y. B. Dato' Dr. Alimad Sobri Haj i Hashim,
Director General,

Malaysian Institute for Nuclear Technology Research (MINT)

Mr. Shinya TAKEUCHI,

Director for International Nuclear Cooperation,

Atomic Energy Division,

Ministry of Education, Culture, Sports, Science and Technology, Japan (MEXT)

Dr. Sueo MACHI,

FNCA Coordinator of Japan, and

Senior Managing Director

Japan Atomic Industrial Forum (JAEF)

Dr. Nahrul Khair Alang Md. Rashid,

Deputy Director General (Research and Technology Development)

Malaysian Institute for Nuclear Technology Research (MINT)

Distinguished guests and participants,

Ladies and Gentlemen,

Assalainualaikurn and good morning,

On behalf of the Minister of Science, Technology and the Environment of Malaysia,

I wish to welcome all of you to this seminar on the applications of electron accelerator. The

Honourable Minister, Y.B Dato' Sen' Law Hieng Ding, could not be with us today as he is

on an official overseas trip and he conveyed his apologies and best wishes to all participants

of this seminar in particular to the Ministry of Education, Culture, Sports, Science and

Education of Japan (MEXT) their supports towards today's seminar and the 4-day

workshop which commences tomorrow till Friday. The lead role played by Japan in

promoting the cooperation amongst countries in this region on the applications of nuclear

- 3 -



JAERI-Conf 2004-007

science and technology for socioeconomic development of the people in this region is very

much appreciated and we expect it will continue in the future.

Malaysia is an active member of Fortim for Nuclear Cooperation in Asia (FNCA).

We consider FNCA as one of the forums to foster close cooperation aongst countries in

this region in particular in the radiation science and technology. As other regional forums in

Asia, NCA should be used as vehicle to develop bigger project of regional in nature that

can be participated by many countries. However, it is utmost iportant to ensure that the

outcome of the projects will benefit and contribute to the socioeconomic development in

this region. I have no doubt that nuclear science and technology will continue to play a

significant role in our life and for sustainable development in the region through

preservation of clean air and water for healthy envirom-nent, improved healthcare, increase

agriculture production and quality of foods, development of new materials and products for

industry and better used of natural resources.

I am glad to note that, currently there are project clusters under the FNCA

program that comprise research projects and activities. At present, the number of project are

manageable and hope that the member states will be more prudent in developing new

projects so that we are not distributing our limited resources too thinly so much so will

affect the implementation and output of the projects. To optimise the utilization of human

resources and expertise as well as the expensive facilities, the projects can be developed

around facilities that are available member countries. Sharing of facilities, research

attachments, scientific visits are some of the mechanisms that can be used to foster the

cooperation. In addition, we also have to promote and increase further the movement of

scientists across border of FNCA member countries. It will be fascinating to see in FNCA

member countries that many scientists from different countries are working together to

achieve the same goal and objective. Together we can achieve the results much faster than

we anticipate.

Ladies and gentlemen,

Electron accelerator has been developed in the fifties. The first electron accelerator

built was used for sterilization of medical products. Nowadays there are hundreds of

electron accelerators in the world and they are used for variety of applications. For high

volume production, in-house electron accelerator is justified and for low volume production

electron accelerator services are available. The electron accelerator itself has undergone

revolution and becomes more compacts, easy to handle, high power, lower voltage and

higher efficiency. There is also a mobile electron accelerator. In Malaysia, several electron

- 4 -
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accelerators are being used by industry for cross-linking of wire insulation, cross-linking of

plastic film packaging and lately for stefflisation of medical products.

MINT has two electron accelerators, a high voltage machine of 3.0 million electron

volt, 90 kW power and the other is 200-kilovolt machine with 4 kW power. Both electron

accelerators were provided by the Government of Japan under the JICA bilateral program

during the period of 1989 - 1994. The low energy electron accelerator remains as research

tool for developing surface coatings materials whilst the high energy electron accelerator

has undergone upgrading for irradiation services to cater for the need of small and medium

production companies as well as for research and development.

Ladies and gentlemen,

The applications of electron accelerator have expanded to new areas. The

application of electron accelerator for treatment of environmental pollution such as flue

gases (sulphur dioxides [SOx] and nitrous oxides [NOx]), dioxins and industrial waste

water are considered as emerging technology and we are very fortunate to have two

speakers from China and Republic of Korea to share with us the latest infori-nation on this

technology. I am certain, Dr. MACHI will also touch on the subject in his keynote paper.

Environment is everyone concern. The awareness on the need to have clean environment

which is led by the NGOs are increasing, so much so it creates headache to the authority in

choosing the right technology for waste treatment.

Globally, environmental issue has become a trade barrier. Stringent controls and standards

have been set in various geographical areas such as in North America, Europe and Asia,

which add a new dimension to business. Resources have been directed towards pollution

control and prevention rather than just cleaning-up, effecting not only management, but also

product development and promotion. Environmental costs have increasingly come into

account and businesses like coatings, printings of textiles and food processing have begun

to realise that good environmental perfon-nance can contribute to maintaining a competitive

edge the market place. The competent authorities around the world have grasped this

concept and all agree to state that a clean environment is not only a precondition for

sustainable development, but it is also essential to achieve prosperity and success in the

world market. Economic growth and environmental protection are not incompatible but

rather components of the same goal: a safe and secure future.

- -
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Ladies and Gentlemen,

The applications of electron accelerator for modification of polymer, polymer blend

and composites throughcross-linking, grafting or degradation have been established and

many industrial products such as heat and fire resistant insulator, heat shrinkable tube and

sheet, packaging films, hot water pipe etc. are already commercialised. Most of the above

products are originated from petrochemical based polymers. As you are aware, this region

is well known for its biodiversity and rich in fauna and flora. In our context today, the fauna

and flora is naturally occurring polymeric materials and most of which is becoming

important resource to our daily life. While other parts of the world are exhaustive of these

materials, this region however is developing new applications for the materials through

radiation technology. Sago starch, chitosan, carrageenan and alginate are the examples of

emerging natural polymers that have potential to be given high value added through

processing by using electron accelerator. MINT has embarked on several projects utilising

natural polymers and has successfully commercialised sago starch hydrogel for cosmetic

used. Some other countries in the region has successfully commercialised radiation

degradation of water-soluble alginate and carrageenan for plant growth promoter and

coating of fruits. More of new applications are possible with intensive research that are

currently and to be carried out on these natural polymers.

The commercialisation. of the electron beam processing for flue gases, industrial

waste water and modification of natural polymers are not only depending on the fal

products but also on the overall cost of the processing which include the capital cost of

electron accelerator itself Many efforts have been made to reduce the cost of electron

accelerator which include to improve design, reduce size and voltage of the accelerator

without affecting the performance of the processing. I am glad to note that NCA is

focusing on this issue and has embarked on the projects utilizing low energy electron

accelerator. By using low voltage accelerator, the electron penetration into the

products/materials has to be compromised, however, by good design of handling and

irradiation system, such problem can be overcome. MINT wishes to see such kind of

efforts and innovation of bringing down the cost but at the same time maintaining or even

enhancing the quality and technological capability of the machine. In the business world

today, cost reduction is a common phenomena and it will determine the competitive edge of

the technology.

Ladies and gentlemen,

MINT as a government research institute is entrusted to conduct research that can

be of benefits to the socioeconomic of the country. The finding of research should have

commercial value and applications and whenever possible to be transferred to the local

- 6 -
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industry. MINT also provides services and consultancy in the related areas of MINT

expertise as you can see and visit MINT mini booth after this seminar. In relation to this,

from time to time MINT organises conference, seminar, workshop and training courses to

educate and disseminate information to the local industry. For this seminar, we have invited
almost 40 selected participants from the relevant industries. I hope you will find this
seminar useful to your company activities. You too can become agent for information

dissemination to those who may benefits from this technology but are not able to come.

To foreign participants, I wish once again to welcome you to Malaysia and to visit

MINT during your stay here. I believe you will have a successful deliberation and a fruitful

seminar. With that note I am pleased to officially open the "National Executive

Management Seminar on The Application of Electron Accelerator - NCA 2003

Workshop".

Thank you.

7 -
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2. Lectures at National Executive Management Seminar
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2.1 Keynote Speech:
Prospect of Radiation Processing Application in Industry

Sueo MACHI, SMD, JAIF

1. Polymeric materials value added by radiation processing
The modifications of polymers by radiation crossfinking, grafting and

decomposition are major fields of electron beam application. Recently new
products of plant growth promoter have been developed by radiation degradation of
natural polymers in Vietnam and Thailand to be commercialized. Sales of electron
beam crosslinked wires, tires and tubes with better properties are increasing in the
market both in developed and developing countries.

2. Electron beam application for clean environment
One plant in Poland and two plants in China are in operation for commercial

purpose to clean flue gases from coal burning power plants using accelerators of
0.7-0.6 MeW. Removal efficiency Of S02 is about 90%. By-product is used as

fertilizer. In Japan JAERI has developed technology to remove dioxin from waste

incineration plants using electron accelerator in the pilot scale plants. In Korea

commercial plant to clean waste water from dye factory complex using electron

accelerator has been proposed to the Government for its assessment and financial

support.

3. Food irradiation for better food safety

The amount of irradiated species is increasing to be 90,000 ton/year in 2000

for disinfection. In the US, irradiation of beef for hamburger has been

commercially adapted since year of 2000 to avoid food borne diseases killing

thousands of people.
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2.2 Radiation Processing Technology in Malaysia

Khairul Zarrian Hj. Mohd Dahlan

Radiation Processing Technology Division,
Malaysian Institute for Nuclear Technology Research (MINT)

Abstract

Radiation processing technology is widely used in industry to enhance efficiency

and productivity, improve product quality and competitiveness. Efforts have been made

by MINT to expand the application of radiation processing technology for modification

of indigenous materials such as natural rubber and rubber based products, palm oil and

palm oil based products and polysaccharide into new and high value added products. This

paper described MINT experiences on developing products through R & D from the

laboratory to the pilot plant stage and commercialization. The paper also explained some

issues and challenges that MINT encountered in the process of commercialization of its R

& D results.

Introduction

The current industrial application of radiation technology fits well into the

country's development program such as Industrial Master Plan. The integration of

resource-based materials is the production of advanced polymer and composites is very

much supported by the government including the utilization of by-products that can be

value add. Those materials can be modified through radiation cross-linking, radiation

grafting and synthesis to produce composites and new materials of different functionality.

Malaysia is rich of natural polymer such as natural rubber and rubber based

materials, palm oil and palm oil based materials, starch from sago and cassava, and chitin

and chitosan from shrimp shelves. These materials are currently being used in the country

and the technology to support the production and utilization of the materials are well

established. Being natural polymer, they are environmental friendly and biodegradable

and they are well known as 'green polymer'. With the current low market price of these

- 12 -
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materials, it is more prudent to diversify its usage and to give more value added to the

materials.

R & D CYCLE: LABORATORY TO MARKET

The following is the typical R & D cycle (Figure 1).

Research work at the laboratory stage

Developmental research at pilot stage

Industrial stage.

In pursuing R & D on radiation processing of indigenous natural polymer, the main

issues and challenges faced by MINT are to find industrial partner and to develop

applications for new products. Each product has to go through the above stages of

development before enter into the market.

Laboratory stage

At the laboratory research, MI-NT is well equipped with polymer processing

facility such as melt blend mixers, compounder/extruder, cold and hot roll pressed, hot

and cold press, table top injection molding machine, rheometer, etc. Subsequently, the

materials will be subjected to physical, mechanical, analytical and thermal analysis in

order to establish the material specifications.

For the physical and mechanical testing, MINT has sufficient equipment such as

several tensile machines, impact tester, and hardness tester; melt flow indexer, scratch

and abrasion testers, adhesion tester, etc. For analytical and thermal analysis several

equipment are available such as FTIR, SEM, STEM (under procurement), GPC, HPLC,

DSC, DMA, TGA (under procurement), etc.

To facilitate the commercialization efforts, the industrial partner should be

identified and selected as early as at laboratory stage of research. Given the scenario of

local Small and Medium Size Enterprise (SME), which lack of technical personnel and

scientists and inadequate R & D facility and capability, to find and identify right partner

from SME is a real challenge. In most cases, MNT carries out research at laboratory

stage alone without industrial partner. However, prior to research, consultation was made

with selected industrial sectors and following the government Industrial Master Plan and

- 13 -
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various other government policies and guidelines. Where do we go after this level of

research?

Rese
MK4

Lab

�Q

Figure 1. R & D Cycle

Pilot plant stage
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Most of the research activities in relation to new material development is carried

out by the government research institutes. Meanwhile, R & D by the industrial sector is

focused on product improvement and problem solving type. Therefore, the government

research institute is expected to follow through its R & D from laboratory up to the

industrial scale production. However, for R & D institution to invest on the industrial

scale production is not justifiable. Therefore, the setting up of a pilot scale plant/line that

can demonstrate the industrial processing capability is appropriate. Usually at this stage,

it involves the development of process and products at the minimum scale of industrial

processing using pilot scale. machine. Currently, MINT has five pilot scale facilities

namely;

• Gamma sterilization plant with the maximum Co-60 strength of 20 MCi for

sterilization of medical disposable items, irradiation of food items, herbal and other

products (SINAGAMA)

• Electron beam processing facility for rosslinking of tubes and wire cables

(ALURTRON) - (Figure 2)

• Continuous gamma irradiation of latex using gamma pilot plant (RAYMINTEX -

Gamma facility is designed specifically for irradiating natural rubber latex (liquid) to

produce pre-vulcanized latex for dipped products. such as surgical gloves� balloon,

condom etc.

• Pilot plant to process animal feeds from palm oil empty fruit bunches wastes using

gainma irradiation (STERIFED).

• Flue gas treatment using electron beam accelerator: a semi-pilot scale of the out put

of 400 cubic meter/hr gas from diesel generator (Figure 3.

Figure 3.
M F ue gas

irradiation
vessel

ME wmwr�-.

Figure 2 El ectron beam facility
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For the polymer materials processing, several machines have been installed such

as a twin-screw compounder of 1 - 0 kg/hr out put, extrusion machine for profile and

for continuous products such as for insulation of wire. Injection molding machine of 60 -

80 ton clamping force is under procurement. These machines are crucial for inter-phasing

the laboratory scale research with the industrial scale equirements. Several work for the

processing of new compounds using the above machines have been established and ready

to be transferred to industry such as:

• Flame and heat resistant compounds for tubes and wire insulation (Figure 4)

• Heat shrinkable tube - commercialization'stage (Figure )

• PVN-ENR compounds for under-hood automotive parts

• Agro-fibers polymer compounds for automotive and non-automotive applications

Figure 4 Flame and heat resistant Figure 5. Heat shrinkable tube
compounding

In addition, electron beam processing of the following materials are under

development and some are in the process of commercialization;

• Hydrogel from sago-starch - commercialization stage

• Modified sago-starch - commercialization stage

• Starch modified compounds for biodegradable foam products

• Starch modified compounds for biodegradable packaging film

On the other hand, the acrylate based otigomers as one of the important

ingredients for rad ation crosslinkable compounds synthesized from palm oil products

have also been developed and a semi-pilot scale synthesis facility is under procurement.

Several applications of acrylate-palm oil ligorners are:

16
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• Pressure sensitive adhesive

• Printing ink

• Coatings

Industrial stage: commercialization

For research organization to develop the materials and products until stage 3 is

costly and high risk. It is the role of private sector to commercialize the technology. The

cooperation of private sector can be in various formed such as:

• make available the existing plant at their factory for the industrial small

production study

• provide funds to setup facility

• sponsor the cost for the trial run conducted at the machine manufacturer facility,

overseas

• request for a government support through the commercialization research ftind

scheme and from industrial grant scheme.

In most cases, the industry chooses the last option whereby they will request

government funds for the commercialization of the research finding.

After the successful pilot scale trial, it is important for the project group to follow

through the development of the project up to the initial commercial production. The role

of inventor in every stage of R & D till commercialization is essential. Scientists today

should equip themselves with the knowledge on market needs and trends in their own

fields. They should be sensitive to the political, economy and social changes around them.

The implementation of AFTA (ASEAN Free Trade Agreement) within these few years

will have strong bearing on the economy of Malaysia and ASEAN countries. AFTA will

result less trade barrier, high competition with less profit margin and high volume for

bigger market size. The target market is regional and global rather than local. This can be

a threat and challenge for Malaysia in the near future and the Malaysian success is

depend on how to turn this threat into opportunity.
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CONCLUSION

There was a significant progress and development on the application of radiation

processing in Malaysia. Government continues to support R & D in this field by

providing the necessary infrastructure, facility, training and research funds. Thus, MINT

continues to spearhead R & D in the application of radiation processing technology in

particular to provide high added value to the indigenous materials for economic

competitiveness of the country. However, there are issues and challenges need to be

addressed in order to facilitate the process of commercialization.
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2.3 Radiation Processing of Natural Polymers

using Low Energy Electron Beam

Tamikazu KUME

Takasaki Radiation Chemistry Research Establishment

Japan Atomic Energy Research Institute

Abstract

Radiation processing is widely used in Japan and the economic scale of

radiation application amounted to about 71 b$ (ratio relative to GDP: 17 )

in total. It consisted of 60 b$ (85 %) in industry, 10 b$ 14 %) in medicine

and I b$ (I %) in agriculture. Irradiation using gamma-ray from 60C o and

electron beam is commercially used for the sterilization and modification of

materials. Utilization of natural polymers by radiation has been investigated

for recycling the natural resources and reducing the environmental pollution.

Polysaccharides such as chitosan, sodium alginate, carrageenan, cellulose,

pectin were easily degraded by irradiation and induced various kinds of

biological activities, i.e. anti-bacterial activity, elicitor activity, plant growth

promotion, suppression of environmental stress on plants. Radiation

degraded chitosan was effective to enhance the growth of plants in tissue

culture.

Low energy electron beam (EB) irradiation has a variety of applications

and good safety. A self-shielded low energy electron accelerator system

needs an initial investment much lower than a 60CO facility. It was

demonstrated that the liquid sample irradiation system using low energy EB

was effective not only for the preparation of degraded polysaccharides but

also for radiation vulcanization of natural rubber latex (RVNRL). Some

carbohydrate derivatives, carboxymethylcellulose (CMC), carboxymethyl-

starch and carboxymethyl-chitin/chitosan, can be crosslinked under certain

radiation condition and produced the biodegradable hydrogel for medical and

agricultural use. Treatment of soybean seeds by low energy EB enhanced the

growth and the number of rhizobia on the root.

1. Introduction

A new project on "Application of Electron Accelerator" was proposed as

an FNCA (Forum for Nuclear Cooperation in Asia) project. The objective of

- 19 



JAERI-Conf 2004-007

the project is to develop new technology of low energy electron beam (EB)

irradiation system that has a variety of applications and good safety features,

and to demonstrate its application. A self-shielded low energy accelerator

system needs an initial investment much lower than a OCo facility. Its

operation is simple and safe. The system can be applied in various fields

such as radiation processing of natural resources, environmental conservation,

etc.

An economic scale of "utilization of nuclear" in Japan, that is, a sum of

"radiation" and "nuclear energy" was 132 b$, and the ratio between radiation

and nuclear energy was 54 % 46 %. Economic scale of utilization of

radiation in Japan was 71 b$ (I 121 V) at a fiscal year of 1997 1-4 ). The

value of 71 b$ consisted of 60 b$ for industrial applications, I b$ for

agricultural uses and 10 b$ for medical/health uses, respectively. Under the

FNCA 7 projects including the radiation application in the field of agriculture

and medical/health have been implemented but the project in the field of

industry is not including, even though the economic scale is much bigger than

the other two fields. Under these backgrounds, a new project on application

of electron accelerator was established.

The penetration of low energy electron beam is limited but it can be

applied in various fields with development of irradiation system for products

of liquid, solid and gas.

Liquid:

Radiation vulcanization of natural rubber latex

Degradation of polysaccharides for plant growth promotion

Waste water treatment

Solid:

Surface irradiation for sterilization/pasteurization of spices, seeds, etc.

Curing and crosslinking of films

Gas:

Flue gas treatment

Degradation of dioxins

2. Utilization of polysaccharides by radiation processing
Irradiation using gamma-ray from 60C o and electron beam (EB) is widely

used for bio-resources sterilization and modification of materials through

degradation and crosslinking. For the modification of atural polymers

using radiation, we found the induction of various biological activities for

plants on degraded polysaccharides 5) and the method to produce the hydrogel
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using pure natural polymers such as carboxymethy1cellulose (CMC),

CM-starch and CM-chitin/chitosan through the crosslinking under certain
6)radiation condition

2.1. Degradation of polysaccharides and induction of biological activities
Polysaccharides such as chitosan 7) and alginate 5 )can be degraded by

irradiation. Radiation causes the cleavage of glycosidic link of

polysaccharides, producing lower fractions. These degraded polysaccharides
induced various kinds of biological activities 8), . g., anti-microbial activity,

promotion of plant growth, suppression of heavy metal stress, phytoalexins

induction (Fig. 1).

Antibacterial activity: Irradiated chitosan at IOOkGy in dry state was

effective in increasing the activity and inhibited the growth of E. coli

completely with the concentration of 3 gg/ml9) (Fig. 2. The giant cells of E.

coli observed by the treatment of irradiated chitosan suggested that the

irradiated chitosan attached on the cell surface and inhibited the cell division.

Suppression of environmental stress: Effect of chitosan irradiated at wide

range of irradiation doses on plants was examined. The stress with heavy

metals such as vanadium (V) was relatively reduced by application of

radiation-degraded chitosan. The recovery of growth and reduction of V

levels in seedlings were obtained by the treatments with 100 and 200 gg/ml

chitosan irradiated at 100 kGy in I % solutions). Lignocellulosic materials

extracted from oil palm fiber, sugar cane bagasse and sawdust offagus show

the strong activity to suppress the heavy metal and salt stress on plants. The

growth of plants suffering salt stress was clearly improved with

lignocellulosic extracts especially at 90 kGy irradiation.

Induction of phytoalexins: Chitosan irradiated at 1000 kGy in solid state

induced the high activity of pisatin (a phytoalexin induced in pea)8 ). The

results suggest that the radiation-degraded polysaccharides involved the

signal transduction, defense responses against pathogens and synthesis of

phytoalexins.

2.2. Plant growth promotion
We found that the radiation-degraded alginate induced the plant growth

promotion under hydroponics cultivation conditions. For rice, degraded

alginate from 4 % alginate solution irradiated at 100 kGy (MW ca. 7000)

impacts remarkable effect on growth promotion. Chitosan with 80 % degree

of deacetylation and molecular weight 1.5 x 105 irradiated at 00 kGy in 10 

solution shows the growth promotion effect for plant in vitro. Figure 3

shows that the significant increase on the biomass of carrot callus is observed
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at the doses of 50-200 kGy. Chitosan irradiated at 100 kGy shows the

strongest effect on the growth promotion of callus biomass 37 %). The

supplementation of irradiated chitosan into rooting medium also showed the

strong effect on the increase of fresh biomass 32 for carrot, 26 for

strawberry and 32.3 for L. latifolium), shoot height 25 for carrot, 23 

for strawberry and 92 for L. latifolium) and root length 21 for carrot,

19 for strawberry and 104.6 for L. latifolium). The optimum

concentrations for strawberry and L. latifolium incubated on rooting medium

are ca. 50 mg/I and 40 mg/I, respectively. The survival ratio of transferred L.

latifolium plantlets treated with irradiated chitosan was improved from 75 -

13 after acclimatizing for 30 days in the greenhouse.

3. Radiation crosslinking of polysaccharides
The development of biodegradable polymer is important because it is

friendly for environment and converted t C02 and H20 by bacterial
degradation in the soil. Using the technique for radiation crosslinking of
PCL, radiation crosslinking of carboxymethylcellulose (CMC) was tested
with a degree of substitution (DS) from 07 to 22 (Fig. 4.

It was found that irradiation of CMC with a high DS 22) and a high
concentration (5 - 60 %) in an aqueous solution was favorable for high
crosslinking of CMC (FEI et al, 2000). It is assumed that high radiation
crosslinking of CMC was induced by the increased mobility of its molecules
in water and by the formation of CMC radicals from the abstraction of H
atoms of macromolecules in the intermediate products of water radiolysis.
Carboxymethyl-starch (CMS) and CM-chitin/chitosan were also effectively
crosslinked by radiation in 50 solution. These crosslinked CMC, CMS
and CM- chitin/chitosan hydrogel were easily digested in soil. These results
show that some carbohydrate derivatives, CMC, CNIS and CM-
chitin/chitosan can be crosslinked under certain radiation condition and
produced the biodegradable hydrogel for medical and agricultural use.

4. Irradiation system of liquid samples using low energy EB

4.1. Degradation of natural polymers
The low energy EB machine 250 keV, 10 rnA) installed at

JAERI-Takasaki is used for study radiation degradation of polysaccharides.

The length and width of the beam window are 20 cm and 6 cm, respectively.

The liquid irradiation vessel under EB is the cylindrical stainless steel with 25

cm diameter and 30.3 cm height. The vessel is equipped with magnetic

stirrer at the bottom. Alginate concentration of g/100 ml is prepared and
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14 litters of alginate solution are used in the reaction vessel for EB irradiation.

During irradiation the stirring speed is kept constantly at 20 rpm. Results of

the viscosity decrease of alginate solution with various irradiation time and

beam current are shown in Fig. .

The results indicated that the irradiation times required to decrease

viscosity of alginate solution from ca. 1200 cP to ca. 10 cP at different beam

currents of 25, 5 and 10 mA are 90, 45 and 30 min, respectively. The

viscosity is equivalent at the dose of 30 kGy of gamma-rays. Based on the

results obtained for alginate, the low energy EB irradiation system seems to

be a useful facility for radiation degradation of polysaccharides in solution

and especially for large-scale application.

4.2. Radiation vulcanization of natural rubber latex (RVNRL)

Radiation-induced crosslinking of natural rubber in latex can be

accomplished by irradiation natural rubber latex. Radioactive isotope 60CO

is used as a radiation source for R&D of RVNRL. However, the installation
of 60CO irradiation facility in natural rubber in latex dipping factory may not

feasible due to high initial investment, high irradiation cost and decay of

activity of 12 per year. Development of a low-cost irradiator for natural

rubber latex dipping factory is an urgent subject for further promotion of

RVNRL technology. The low energy electron accelerator has fewer

difficulties compared with 60CO , and low investment and irradiation cost can

be expected. The low energy electron accelerator has been proved to be a

versat'le, practical and economic radiation source for radiation processing

such as crosslinking of plastic films and surface curing. However, the

penetration of the low energy EB in natural rubber latex is limited. The

problem of low penetration of the low energy EB was solved by means of an

irradiation vessel with effective stirrer (Fig. 6.

5. Enhancement of plant growth by low energy EB
The average soybean yield is low 1.7 ton/ha) and unstable especially in

small-scale soybean field. However, it is reported that 3 - 6 ton/ha seed

yield can be obtained in well managed cultivation. We have investigating

the effect of low energy EB irradiation on soybean seeds to enhance the yields.

Seeds of soybean were irradiated in the dose range of 2 to 20 kGy using EB

with different energy from 150 to 250 keV. Surface radiation of seeds

enhanced the germination ratio. Growth promotion was also observed for

irradiated seeds at the dose up to 10 kGy (Fig 7 Especially, significant

promotion of root growth was observed on irradiated soybean. The number
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of rhizobia on the root of soybean irradiated at 20 kGy with 200 keV EB was

increased ten times higher than that of unirradiated seeds. These results

suggest that the irradiation of soybean seeds by low energy EB (surface

irradiation) is effective to enhance the number of rhizobia on the roots and

promote the growth.
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2.4 Electron beam Processing System

Masayuki KASHIWAGI

Nissin-High Voltage Co. Ltd., Kyoto, Japan

1. Introduction
Electron beam Processing Systems (EPS) are used as useful and powerful tools in

many industrial application fields such as the production of cross-linked wire, rubber tire,

heat shrinkable film and tubing, curing, degradation of polymers, sterilization and

environmental application. In this paper, the feature and application fields, the selection of

machine ratings and safety measures of EPS will be described.

2. Feature of EPS
2.1 What is Electron Beam?

Electron beam (EB) means the flow of electrons with energy which is taken to the

electrons from filament (cathode) as kinetic energy by moving in high electric field

(Acceleration). It is similar that a stone dropped down from high roof gets the energy by

gravitation of earth. EB makes chemical reaction in the irradiated material. The

accelerated electrons are decelerated because of its minus charge and give a part of its

energy to the atom, which generates secondary electron as a result of reaction with the

atom. The secondary electrons interact with another atom, generate many secondary

electrons like a shower and lose their energy in the irradiated material. The losi (or

absorbed) energy generates active free radicals, which make chemical reaction in the

irradiated material. Because electron is one of components in atom, electron beam is

carrier of energy purely.

2.2 Feature of EPS

EPS has the following feature.

a) EB gives its energy directly to the irradiated material;

Therefore, the energy utilization efficiency is extremely high. In a case of normal

thermal chemical reaction, the energy is given to activate the molecular and to make

chemical reaction between each molecular as the result. Therefore normal thermal

chemical reaction can be said indirect injection of energy.

In EB irradiation, the unit of kilo-gray (kGy) is used generally as energy absorbed

in the material (dose) and the energy of 10 kGy is only 24 cal. for I g of water. Usually,

- 27 -



JAERI-Conf 2004-007

dose for radiation chemical reaction is several ten kGy up to 200 kGy, so the material,

which is weak for high temperature such as plastics can be treated. Also the EB chemical

reaction can occur in wide range of low and high temperature, so the reaction is not

affected for secondary or third reaction.

b) It is not necessary to mix third material such as catalyst for chemical reaction.

c) EPS has very large capacity for irradiation process.

EB is particle beam and has higher energy transmission rate compared with

electromagnetic waves such as electric wave, visible ray, UV, X-ray and gamma ray. Now,

EPS with the capacity of 100 kW above is manufactured and mass irradiation processing

is available.

d) Easy operation

Because EPS is an electric machine, the start and stop of production or reaction

can be made only switch on or off.

e) Easy maintenance

Because EPS is not radioisotope such as Cobalt-60, the maintenance work is

excellent easy and safety because it can be made on the condition of switch off.

3. Electron beam Processing System (EPS)
3.1 ype and feature of EPS

EPS is simply said as the processing system using electron accelerator which

generates thermal electrons from cathode, accelerates the generated electrons, gets them

into air through thin metal foil, irradiates material and makes chemical reaction in the

irradiated material. EPS is classified in various kinds and has each feature.

3. 1.1 De of Acceleration

There is a classification by acceleration method of electron. One is the method

using DC high voltage and the other is the method using high frequency voltage.

The acceleration method using DC high voltage is that the DC high voltage as high as

acceleration energy is generated and the thermal electrons from filament as a cathode are

accelerated in the electric field of this DC high voltage. In this method, the continuous

beam is available and the energy conversion efficiency, which is the ratio of output and

input capacity (DC/AQ is quite high. But it is necessary to generate as same DC high

voltage as acceleration energy and this makes the size of DC power supply bigger

according with the acceleration energy. The limitation of practical utilized energy range is

said MV

The acceleration method using AC high frequency is that the thermal electrons are

repeatedly accelerated in the electric field of high frequency voltage such as linear

accelerator, betatron and synchrotron. And also there is a single cavity type using repeated

acceleration system (Rhodotron from IBA). In any case, this high frequency acceleration
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method can make machine 'size small but poor energy conversion efficiency because

repeated acceleration using high frequency electric field.

In industrial ap placation field, the DC acceleration type machine has been used generally

because the good energy conversion efficiency but Linear accelerator (Linac) and

Rhodotron with 10 MeV energy become to use in the sterilization field, which is needed

big penetration.

3.1.2 Type of DC Power SuI2121

DC power supply is one of most important component in DC acceleration type.

Therefore there is a classification by type of DC power supply. DC power supply is

divided in three types roughly. One is Cockcroft-Walton type and another is transformer

type. The other is Van-de-Graaff type, which generates the DC high voltage carrying

electron charge on insulation belt has poor capacity and is used in research and

development purpose only.

Cockcroft-Walton type is a circuit using capacitor in series and because the

frequency of several kilo hertz (kHz) is used as input power, the energy conversion

efficiency of 60 % to 80 % is relatively high. The modified circuit of Cockcroft-Walton is

Shuenkel type in which the capacitors in parallel are adopted. In this circuit, the capacitor

at high voltage side is charged the maximum voltage and the actual capacitor can be not

adopted, therefore the stray capacitance between high voltage terminal and ground

electrode is used as capacitor. As the result, it is necessary to adopt very high frequency as

input power and this limits energy conversion efficiency low.

Transformer type is divided in two types. One is grounded core type which is

insulated DC high voltage between primary and secondary coils and the other is insulated

core type which is insulated DC high voltage divided among secondary step up coils. In

both type, the rectifier circuits are provided to plural secondary coils and connected in

series at DC sides to generate high voltage.

In a grounded core type, the magnetic flux connection is good, so DC power

supply with large beam current capacitance up-to 1000 mA ca be manufactured now. But

the maximum rated voltage is limited I 00 kV because of difficulty of insulation. The

largest merit of this type DC power supply is that the magnetic flux connection is very

good, the commercial frequency can be used basically, high frequency power supply as

input is not used, and so the high energy conversion efficiency more than 90 can be

achieved.

In an insulated core type, cores are divided and insulated in each step up stages

and are not necessary to insulate DC voltage generated in each step up stages, so the high

voltage machine with 2000 kV can be manufactured. But because of rough magnetic

connection between primary and secondary coils, the energy conversion efficiency is

lower than it of ground core type and beam current capacity is also small.
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3.1.3 ype of Scanning

EPS is also divided in scanning type and non-scanning type by the method of

electron beam extraction. In a scanning type, the spot electron beam accelerated in an

acceleration tube is scanned to the necessary irradiation width by electromagnetic field.

It is similar to a cathode ray tube of TV. On the other hand, in non-scanning type,

electrons from big cathode (multi filaments) are generated as wide as irradiation width

and accelerated in one step. It is similar to triode. In non-scanning type, because of the

structure without acceleration electrodes and scanning chamber, machine can be made

simple and small, but the acceleration voltage is limited up-to 300 kV In scanning type,

the acceleration voltage is divided and applied to the multi acceleration electrodes, so the

high voltage machine up-to MV can be made but machine size becomes big.

3.2 Constitution of EPS

For example of scanning type machine, EPS consists of a power supply, an

acceleration tube assembly, a scanning chamber, window, a vacuum system and control

system.

A Cockcroft-Walton type DC power supply and acceleration tube system are

enclosed in a pressure vessel. The pressure vessels are filled with SF6 gas to insulate the

high voltage. The D.C. power supply generates high voltage via the Cockcroft-Walton

circuit, which is driven by a high frequency system. The DC high voltage is applied to the

top of an acceleration tube assembly, where a filament assembly provides as a source of

electrons. The filament is heated using a motor generator set. The electrons are emitted

from the filament at a negative potential and are accelerated through the high vacuum

acceleration tube, scanned electromagnetically in the scanning chamber, and then passed

through a thin window foil to irradiate the product.

4. Application of EPS

4.1 Application of Cross-ligkiqg

The cross-linking is one of polymerization which is purpose to improve the

characteristic such as heat resistance by chemical combination between molecules and

has been used for production of heat resistance electric wires, heat resistance film and

sheet and heat shrinkable tube and film from early stage. In Japan, the production of heat

resistance electric wires was started at first at Sumitomo Electric Industries and Hitachi

Cable, etc. and then the production of heat shrinkable tube and foamed polyethylene at

Toray and Sekisui was started. Foamed polyethylene was invented in Japan and is one of

leading fields in the world. EPS with acceleration voltage of 500 kV up to 3 MV and

beam current of 50 mA up to I 0 mA are used.

The technology to use cross-linking in tire manufacturing process was started at

Goodyear and Firestone in USA at first but research and development work was also
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made actively in Japan. Tire is manufactured by the process to stick and shape with

several kind of thin rubber composed by many kind of ingredient and vulcanize it in the

condition of high pressure and high temperature. In the process of shaping and

vulcanizing, if the strength of raw rubber (green strength) is not enough, the defect such

as discrepancy of textile code occurs. To avoid this defect, the pretreatment by irradiation

of electron beam was developed. At present state, EPS of 19 sets in manufacturers in

Japan have been used and this is also one of leading fields in the world.

4.2 Application of Radical Polymerization

The curing of paint and coat using radical polymerization was started in 1960's

and pilot plants were installed at several paint manufacturers. As production lines,

painting process of automobile parts at Ford in USA and Suzuki Motors in Japan, coating

of metal coil at Shin-Nippon-Steel and wood panel coating were installed. After that time,

the main trend of curing technology was moved into utilization of UV but the utilization

of EB was stagnated for long time. In 1980's, EB units of laboratory type were sold and

introduced to paint manufacturers and research institutes of many companies. At present

state, EPS are used in the production process of release paper, intaglio printing, adhesive

materials and transfer film and spread its application fields. In future trend, EB, which is

used for the process of deep color and shade material, will coexist with V. EPS with

acceleration voltage of 300 kV or less so-called low energy EPS is used for this field.

4.3 Application of Graft Polymerization

Graft polymerization, in which monomer is polymerized like grafting to the trunk

of polymer chain, is used as one process to add the deferent characteristic of monomer to

it of original polymer as one of improvement technologies of polymer. It is used for the

production process of ion exchange membrane, separator of battery, water absorbent

polymer and anti-fog film. EPS with acceleration voltage of 300 kV to 500 kV is applied.

4.4 Other Application

a) Environmental Preservation

Flue Gas Treatment as utilization of electron beam is typical example of

application to environmental preservation. This technology was developed originally in

Japan in 1970's. Coal or oil fired flue gas which includes Sx and NOx is irradiated prior

and react into complex salt of (NH4)2SO4 and NH4NO3 with ammonia (NH4). The

bi-product is removed easily by bag filter or electrostatic precipitator and can be used as

powdered fertilizer. EPS with acceleration voltage of 700 kV to 800 kV ad beam current

of 400 mA to 500 mA is used for this application.

Decomposition treatment of volatile organic compound (VOC) and dioxins by EB

irradiation are under study EPS with acceleration voltage of 300 kV or below and beam

current of several ten mA will be used respectively.

Wastewater and sludge treatment by EB irradiation has been studied for 30 years in many
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institutes and much data was accumulated. Recently, treatment of wastewater from dye

factories and other industries has been reported in Korea and Brazil.

b) Application for semiconductor Device

Recently, the application for semiconductor device, in which thyristor used in

inverter is irradiated by EB to make lattice defect for the improvement of switching

characteristic. In this application, the point of technology is wafer handling and irradiating

system but not machine ratings of EPS.

c) Application of Sterilization

Radiation sterilization for medical supplies is used by gamma ray from Co-60

generally. Even now, the share of EB treatment for this purpose is less than 10 %

compared with gamma ray treatment in economical effect. EB sterilization was started in

1991 in Japan using EPS with acceleration voltage of MV. Since then, EPS for

sterilization increased the number of installation up to sets (4-in house and 4-tole

service). The feature of high energy with MV to 10 MV and high power with 100 kW to

200 kW will bring application of EPS to extensive medical supplies.

In the food irradiation, potato is only one food permitted by gamma ray in Japan.

This permission was made in 1974. Since then, no request for permission of food

irradiation has been continued but about 220 kinds of food are permitted in 52 countries

worldwide. Especially spices are permitted in 47 countries and actually irradiated by EB

or gamma ray in 27 countries. In Japan, Japan spice industry requested for permission of

spice irradiation to the government in 2000.

From different viewpoint, for the purpose of surface sterilization of grain, low

energy electron, called as "Soft Electron" which has lower than 300 keV, is paid attention

in Japan. As germ is located only surface of grain, low energy clectron beam is very

effective for sterilization because of its poor penetration.

5. Electron beam Processing System (EPS)

5.1 Selection of EPS ratings

The selection of EPS is decided by consideration to irradiate what material with

how thick and wide, how much dose, how to handle, in what atmosphere. The parameter

to decide the ratings of EPS is acceleration voltage, beam current and irradiation width.

The actual selecting work will be done as follows but it is better to consult with

manufacturer of EPS because of limitation of manufacturing.
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What Material to be irradiated Material quality

Material width

Material thickness

How Amount to be irradiated Production amount

How Dose to be irradiated Necessary dose absorbed to

make reaction

How Material handling system Single pass or multi passes

of irradiation

How Irradiation condition Inert gas atmosphere

Air atmosphere

5.2 Acceleration Voltayze

Acceleration voltage is decided what material and how much penetration should

be irradiated. Actual selection work of acceleration voltage is used penetration curve.

Generally the depth of 60 % relative dose is said the effective thickness. The thickness is

normalized by specific gravity of 1.0; therefore in irradiation of material with different

specific gravity, the thickness should be calculated as specific gravity .O. When the

thicker material than penetration can be treated by both side irradiation. But in a case of

irradiation to high insulation material such as polyethylene, the discharge by charged up

electrons inside material should be considered. (Lichtenberg discharge)

5.3 Beam Current

Beam current is expressed the number of electrons and is the parameter related to

dose and handling speed. The relation formula is shown as follows.

AE I
D 1 0 0 0

A R W - V

Here is, D dose (kGy)

I : beam current (mA)

W irradiation width (cm)

V : handling speed (cm/s)

I : irradiation efficiency normally 09)

AE/AR energy absorption ratio (MeV/g/CM2)

The energy absorption ratio(AE/AR) is decided by acceleration voltage, widow

foil thickness, distance between window foil and irradiated material. Beam current is

limited by irradiation width because of cooling efficiency of window foil for energy loss

of electron beam.
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6. Safety Measures

In design, construction and operation of an EPS, it is necessary to consider

sufficient safety measures such as x-ray shielding, ozone control and interlock system

described below.

6.1 X-ray Shielding

X-rays are generated in the irradiation area by the interaction of fast electrons and

materials such as the window foil, the water-cooled beam catcher and/or the customer's

product. X-ray shielding for the EPS must be provided to reduce the radiation to

acceptable levels.

The radiation enclosure or shielding can be constructed using a number of

materials such as concrete, lead, steel and sometimes in combinations to reduce the X-ray

output to acceptable levels. The safety standard for x-ray should be prescribed by the

government rule or authority recommendation such as the ICRP International Committee

of Radiation Protection). Typical levels outside the enclosure or shielding area are I

mSv/2000 hr. (0.5 mSv/hr) for uncontrolled areas

In general, there are 2 (two) main areas to be considered, these are classified below:

a) The Irradiation Area

This is a highly controlled area. NO PERSONNEL are permitted in this area when

the high voltage power supply of EPS is energized. All maintenance operations are only

permitted with the approval and supervision of the plant safety office.

b) Areas Outside the Irradiation Area

All areas except a) are classified as uncontrolled areas.

6.2 Ozone Control

When electron beam passes through air, a large amount of ozone is generated,

which causes violent irritation in case of higher ozone concentration than I ppm. The

presence of ozone is perceptible of its pungent odor. An experienced person can sense its

presence even if low concentration of 0.01 ppm.

The regulatory maximum permissible concentration of ozone for daily exposure

of hours/day was set to 0 I ppm in 1954 in USA. In Japan, the working group for air

pollution of the central council on anti-pollution measures recommend in 1972 in its

"technical committee report on envirom-nental criteria for nitrogen oxides, etc." that the

hourly mean concentration of photo chemical oxidant, most of part of which is ozone, is

0.06 ppm or less. Therefore, suitable measures to avoid ozone hazard must be considered

according to the local regulations.

6.2.1 Ozone Generation

The amount of ozone generated is determined by the energy loss of electron beam

in its air path and beam current. The ozone generation rate is given 0 II kg/kWh and
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calculated in the following form.

Q=0.11 W

Here is W: energy loss in a unit time in air (kW)

Q aount of ozone generated (kg/h)

6.2.2 Disposal of exhausted ozone

The generated ozone must be exhausted and disposed by suitable method such as

followings.

a) Combustion method

Ozone can be decomposed at temperature of 450 degrees centigrade.

b) Catalyst treatment method

Ozone can be decomposed by Manganese dioxide.

c) Activated charcoal method

Ozone can he decomposed by activated charcoal, which is made as the mixture of

charcoal and silica alumina gel.

d) Diffusion method

Ozone is exhausted and diffused in the air from a high chimney.

In these cases, activated charcoal method and diffusion method are ordinarily selected.

6.3 Interlock System

It is also necessary to consider an interlock system and a safety key system. These

are typical requirements for entrance/exit doors, all of which are usually under a set of

government regulations.

The basic interlock system is designed to prevent unauthorized personnel from

entering to the radiation area while the EPS is in operation. The system is designed to shut

down the EPS if the entrance door or other interlocks are activated.

6.3.1 One Key System

The one key system is highly recommended for all EPS equipment. Only one key

is used at the following locations:

a) EPS operational terminal

b) Main shield door key lock

c) Selector switch in the shield room

The EPS is designed to operate when the one key is inserted into the operation

terminal and turned to the ON position. To open the shielding door the single key must be

removed from the operation terminal, this will shut down the EPS, similar to an

emergency stop.

6.3.2 Door Interlocks

Redundant door interlocks should be provided to ensure that the system will

shutdown should personnel try to enter the shield room when the system is in operation.

Two or more separate limit switches connected in series are recommended to provide on
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the door. These switches will be a part of the EPS operational sequence conditions. When

either one or all of these switches are activated, the EPS cannot be operated. An

indication will be lit on the operation terminal of the EPS so the operator can determine

the cause of the interlock. If one of the door interlock switches is activated during EPS

operation, the system is designed to shut off.

7. Cost Estimation
The cost estimation to install EPS is very difficult to do generally because the cost

such as labor charge, construction and material handling system is different in each

country. The following items should be considered for cost estimation.

a) Electron accelerator

b) X-ray shielding

c) Material handling system

d) Other auxiliary equipment such as blower, ozone treatment, SF6 gas and SF6 gas

handling equipment

e) Installation work including wiring piping

f) Transportation

g) Other items such as running cost, labors charge, depreciation and interest
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2.5 Application of Electron Beam for Preparation of Membranes
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Abstract
Membranes have generated considerable interest in a number of technologically

significant fields, such as chemical, biochemical and biomedical engineering. However, it

becomes important to design and develop particular membranes for specific applications.

Radiation induced grafting of hydrophilic monomers into polymeric fih-ns has been found

to be an appealing method for producing various membranes. The method has the

flexibility of using various types of radiation, such as y-rays, electron beam, and plasma,
irrespective of the shape and size of the polymer. Of all, Electron beam accelerator is an

advantageous source of high-energy radiations that can initiate grafting reactions required

for preparation of membranes particularly when pilot scale production and commercial
applications are sought. The grafting penetration can be varied from surface to bulk of

membranes by applying acceleration energy. This article briefly reviews the use of electron

beam radiation to prepare various membranes by radiation induced grafting of vinyl and
acrylic monomers onto polymer films. Some basic ftindamentals of radiation induced

grafting and advantages of electron beam over Co-60 are highlighted. Potential applications

of radiation-grafted membranes in various fields are also surveyed.

Introduction
Membrane separation processes are fast growing technologically significant and

commercially relevant unit operations. Compared to conventional separation technologies,

membrane processes are favored for their simplicity, modularity, low energy consumption,

minimal maintenance and low operation cost as well as capital investment. In such

processes, membrane is the heart of the separation system and therefore membranes have

been the subject of intensive research and development to produce materials to meet the

widespread and the diversity of the applications.

In its simplest form, membrane is defirted as a barrier between two phases that

allow a preferential passage of molecules or ion species under influence of a deriving force.

The perfonnance of the membrane is determined by the permeability and selectivity. A
good membrane should have a combination of high selectivity and permeability (high

permselectivity). Moreover, the membrane separation capability is governed by chemical
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and physical nature of the membrane material. Many membrane separation processes have

been developed in a wide number of industries such as chemical, pharmaceutical, milk and

whey, food, fuels, gas, cellulose processing, textile, automobile and metal finishing. Table I

shows a summary of typical membrane separation processes.

Membrane classifications

Many types of membranes exist and can be classified based of various criteria:

1. Material of origin.

Organic membranes (synthetic polymeric or natural membranes).

Inorganic membranes (metallic or ceramic membranes).

2. Structure

Symmetric membranes (dense or porous membranes).

Asymmetric membranes (integrally skinned or composite membranes).

3. Pore size

Porous membranes (pore size range 500 nm).

Micro-porous membranes (pore size range 1-5 nm).

Non-porous or dense membranes.

4. Morphology.

Flat sheet membranes.

Tubular membranes

Hollow fiber membranes.
5. Charge.

Charged (ion exchange) membranes.

Neutral membranes.

Among all, charged membranes (commonly known as ion exchange membranes) are

playing very significant role in modem separation technology as they have been used in

wide spectrum of industries including chloro-alkali, water electrolysis, sea water

desalination, salt production from sea water, waste water treatment, separators in batteries

and polymer electrolytes in fuel cells.

Ion exchange membranes
Ion exchange membranes are highly swollen polymer films carrying charged

functional groups covalently attached to polymer matrix. These membranes can be

subdivided into cation exchange membranes, which contain negatively charged groups and

anion exchange membranes, which contain positively charged group fxed to the polymer

matrix. A third type of membranes, which is containing a combination of positively and

negatively charged groups, is called bipolar (cationic/anionic) membranes. To meet the

38 -



JAERI-Conf 2004-007

requirements for practical applications, ion exchange membranes have to fulfill a set of

optimum properties including high permselectivity, low electrical resistance, good

mechanical as well as form stability and high chemical stability over pH range of 14.

However, it is difficult to optimize the properties of ion exchange membranes

because opposing effects take place. For instance a good mechanical strength can be

achieved by high degree of crosslinking in the membrane, but this also causes an undesired

increase in the electrical resistance. A high concentration of fixed charges in the membrane

matrix lead to low electrical resistance but in general causes high degree of swelling

combined with poor mechanical stability.

The basic polymer matrix and the type and concentration of fixed ionic groups

determine the properties of ion exchange membranes. The basic polymer matrix deten-nines

to large extent the mechanical, chemical and thermal stability of the membrane. Often

matrices of ion exchange membranes consists of hydrophobic polymers such as

polyethylene, polystyrene and poly(tetrafluoroethylene). The type and the concentration of

fixed ionic groups determine the permselectivity and the electrical resistance of the

membranes. Most commercially available cation exchange membranes contain sulfonic

acid (-SO3-) groups as fxed groups, and most anion exchange membranes contain

quaternary ammonium -R3N) groups. These groups respectively represent strong acids

and bases, and completely dissociate over entire pH range.

Preparation of ion exchange membranes
Ion exchange membranes are commonly prepared by grafting of functional

monomers onto polymer matrix, which can be initiated by chemical initiator (catalytic

polymerization), photo-initiator (photo-miduced grafting), plasma treatment (plasma

polymerization) or high energy radiation (radiation induced grafting). Of all, radiation

induced grafting method is very attractive as it provides an easy control over the membrane

composition and properties by variation of the degree of grafting and therefore membranes

with desirable properties can be obtained. Since grafting can be carried out on polymers of

various forms including fibers, powders and films, membranes shaping problem can be

effectively eliminated starting with polymer film already having the shape of a membrane.

In addition, various monomers can be grafted from different phases (vapor or bulk solution).

In this method a large number of free radicals is generated in the irradiated fihn without the

use of any chemical or photochemical initiators. The radicals undergo copolymerization

reaction with a chosen monomer to form macro-radicals, which eventually propagates and

form side chain grafts covalently bonded to the backbone of the polymer film.
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Radiation grafting methods
Two standard methods of radiation grafting i.e. direct (simultaneous) iradiation and

preirradiation (post-iffadiation) are commonly used. In direct method, a film is irradiated in

the presence of a monomer or monomer containing solution; often inhibitor is added to the

solution to suppress the homopolymerization in liquid phase. Alternatively, the polymer is

irradiated first (in air or vacuum that can be substituted with inert atmosphere) and

subsequently brought to contact with the monomer in prein-adiation method. If irradiation

step is carried out in air, the generated radicals react with oxygen to form peroxides and

hydroperoxides, which initiate grafting upon contacting monomer units by then-nal

decomposition. The direct irradiation method is very simple and efficient from polymer

radiation chemistry principle viewpoint whereas, the preirradiation one is very effective

when highly reactive monomers such as acrylic acid are being grafted and conducting

reaction away from the source is demanded. In both methods, obtaining a desired grafting

requires an optimization of the reaction parameters such as monomer concentration,

irradiation dose, dose rate, temperature and type of solvent to vary the depth of penetration

monomer into the bulk. This provide the bulk film a tailor made grafted layers which have

a required compatibility with particular species such as ions, metals or biological

substances. The grafting yield can be calculated by: G (% = 100 X [W2-WI)/WI], where

W2 and WI are the weight of the flm after and before grafting.

Radiation induced grafting using electron beam

Two types of high energy radiation sources are available i.e. isotopes (Co-60) and

electron accelerator can be used to initiate grafting irrespective of the shape and size of the

polymer by gamma rays and electrons. A comparison between isotopes and electron

accelerators can be seen in Table 2 As can be seen, electron beam irradiation is most

effective for radiation induced grafting in general and for preirradiation method in

particular. It is also most effective when industrial usage and pilot scale production are

sought because of its high irradiation dose rate, short processing time, ease of generation of

free radicals in many polymers and moderate initiation reaction conditions. Depending on

the acceleration energy of electron beam and reaction parameters, it is possible to extend

the modification to a specific depth ranging from the surface to the bulk of the polymer.

Preparation of radiation grafted membranes
Many types of membranes have been prepared by grafting of various monomers

onto polymer films using electron beam. Ion exchange membranes are the major class that

have prepared using radiation induced grafting starting from common polymer films.

Preferably, polymer films have to be hydrophobic materials of high thermal, chemical and

mechanical stability such as fluorine containing polymers. List of common polymer films
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used for preparation of membranes is presented in Table 3 Grafting specific monomers

determine the type of the obtained membrane. Two types of grafting monomers are

available: 1) functional monomers such as acrylic acid and methacrylic acid, which directly

confer weakly acidic (cationic) character to the polymer backbone as depicted in figure ,

which shows a schematic representation for preparation of weakly acidic membranes, and

2) non-ftinctional monomers such as styrene and 4-vinylpyridine, which produces neutral

membranes that can be used as they are. Activating these membranes by post-grafting

chemical reactions convert them into widely useful ion exchange membranes. Sulfonation

and quaternization are the most famous post grafting chemical reactions. The former

produces cation exchange (strongly acidic) membranes as shown in Figure 2 whereas the

latter results in anion exchange membranes as shown in Figure 3 Other types of

membranes including bipolar (cationic/anionic) shown in the scheme presented in Figure 4

and mosaic membranes can be also prepared by radiation grafting. The use of radiation

grafting as an alternative technique for preparation of various membranes has been

reviewed by Chapiro [I], Ellinghorst et al 2] and Gupta and Scherer 3

Applications of radiation grafted membranes
Many radiation grafted membranes were found to meet the requirements for a

variety of applications covering vast areas including separation processes, solid state ionics,

biological and biomedical, environmental, energy conversion, etc.

.I.Separation processes applications

Membranes prepared by grafting of monomers such acrylic acid, methacrylic acid,

vinyl acetate, acrylamide and their derivatives onto various polymer fihns have been tested

and/or used in various separation processes such as water desalination by reverse osmosis,

dialysis, electrodialysis and pervaporation A list of some of these radiation grafted

membranes and their potential applications in various separation processes is given in Table

4.

Z Solid state applications
Radiation grafted membranes have shown potential for use in a variety of solid state

applications. PVDF-g-poly(N-isopropylacrylamide)membranes were proposed for use in

pH sensors, which function as a valve to regulate the filtration characteristics [ 1 9]. This is

because filtration rate and the solute separation characteristics of the membranes varied

dramatically in response to pH change. Acrylic acid and vinyl amine grafted PVDF films

were found to form temperature sensitive membranes, which can be used for the

development of temperature sensors 20]. PTFE-g-poly(4-vinylpyridine) membranes have
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shown potential to be used in fabrication of ion selective electrodes particularly for

Perchlorate ions CI04-) 21 .

3. Biological and biomedical applications

Radiation grafting has been found to produce membranes able to replace the kidney

of renal failure patients in removing uc acid, creatinine, phosphate and urea through

haemodialysis machines. Membranes for haemodialysis were prepared by grafting of vinyl

alcohol and N-vinylpyrrolidone onto PE films 22]. Other membranes including PVA

grafted with acrylic acid and methacrylic acid, chloroprene rubber grafted with 2-

hydroxyethyl methacrylate have shown outstanding dialytic capabilities [5].

Radiation grafting onto films has been also used to enhance biocompatibility and to

provide interesting biomedical properties. Immobilization of active biological species such

as adenosine and heparin onto radiation grafted membranes and releasing them at different

rates is an attractive application 23]. Hydrogel membranes such as PVDF-g-poly(N-

vinylpyrrolone) also have potential in controlled drug release where repeated

contraction/expansion cycles releases pluses of small molecules immobilized in the

hydrogel fraction of the membranes 24]. For example Drugs such as insulin can be

released to blood in response to increase of the blood sugar using hydrogel membranes.

Moreover, membranes prepared by grafting of ethylene glycol methacrylate onto PE films

were found to have surfaces that show low levels of adsorption of protein and adhesion of

platelets 25]. Protein purification is another application where radiation grafted membranes

can be effective. Metal immobilized PE-g-polyglycidylmethacrylate membranes containing

epoxy groups converted to iminodiacetate by iminodiacetic acid treatment has been

proposed for protein adsorption 26].

Grafting onto polymer films has been also employed for immobilization of

enzymes for in biocatalysis, bioseparators and biosenors uses. Membranes prepared by

grafting of monomers such as acrylic acid, acrylamide, methacrylic acid and 2-

hydroxyethyl methacrylate onto various polymer films followed by immobilization of

galactosidase were found to be promising for application in non-isothen-nal bioreactor

[27,28]. Enzymes such as catalase, cholesterol and glucose oxidase have been immobilized

onto PTFE-g-poly(acrylic acid) membranes for bio sensor application 29,30].

4. Environmental applications

Grafting of hydrophilic monomers such as acrylic acid, methacrylic acid, glycidyl

methacrylate and bary mixtures of monomers such as styrene/maleic anhydride,

styrene/acrylic acid onto films provide membranes with high ion binding capacity. These

membranes have been used for environmental applications such as removal of heavy metals
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ions in treatment of industrial waste water 31,32], capture of U and Co-60 ions from liquid

radiation active waste 33] and harvesting uraniurn from sea water 34].

5. Energy conversion applications

Energy conversion is another filed where radiation induced grafting membranes

have been receiving a renewed interest. Membranes prepared by grafting of acrylic acid,

acrylonitrile and methacrylic acid onto PE and ETFE films have been used to develop

commercial separators to replace cellophane in alkaline batteries (e.g. sliver oxide primary

cell and nickel cadmium cells) 35,36]. x-Methylstyrene grafted and sulfonated PTFE

membranes were also found to be potential separators for zinc/ferricyanide batteries 37].

Grafting of acrylic acid with diethyleneglycol dirnethacrylate crosslinker onto PE and PP

filrns was found to improve wettability of the separator of the secondary lithium batteries

and overcome the problem of high ether content 38].

Several commercial radiation grafted ionic mmbranes such as Raymiono and

Permiono, De Morgan (France) membranes have been developed and currently traded for

various applications. These membranes have been recently tested for fuel cells for over than

1500 h 39]. Experimental radiation grafted and crosslinked polystyrene sulfonic acid

membranes based on FEP and ETFE films were developed by Pual Scherer Institute

(Switzerland) 40-42] and tested in PEM fuel cell and showed stability for several

thousands of hours under practical operating conditions. Similar membranes have been

developed in Membrane Research Unit (Malaysia University of Technology) based on

PTFE, FEP and PFA films 43-46]. In collaborative work between Helsinki University and

various Scandinavian institutes of higher learning fuel cell radiation grafted membrane

based on PVDF fih-ns were also underdevelopment 47,48]. Earlier, sulfonic acid

membranes were developed in Japan by Mornose et al. [10] by grafting of C�OP-

trifluorostyrene onto ETFE films followed by sulfonation. However, there are no reports on

testing of these membranes for fuel cell as they were mainly developed for chloro-alkali

industry.

6. Miscellaneous applications

Polymer metal complexes prepared by radiation induced graft copolymerization

showed catalytic activities different from ordinary metal complexes of low molecular

weights 49]. Such polymer metal complexes are containing polymer ligaments presenting

a remarkably specific structure in which certain metal ions are surround by and enormous

polymer chains [50]. They also can be used in preparation of serniconductor-supported

membranes 51].

Sulfonic acid membranes prepared by radiation-induced grafting of a combination

of p-styrenesulfonate and 2-hydroxylethyl methacrylate onto porous PE films have also

- 43 -



JAERI-Conf 2004-007

shown potential for use in acid catalysis of organic compounds such as methyl acetate and

sucrose 52]. Since radiation-induced grafting technique is applicable to various shapes of

substrates such as non-woven fabrics, films and fibres, it strongly possible to design a novel

shape of packing suitable for a reactive distillation column.

Concluding remarks

Radiation induced graft copolymerization is a broad and promising method that

provides a suitable and an economical technique for preparation of various types of

polymeric membranes. The reaction parameters such as dose, dose rate, monomer

concentration, polymer film type, temperature and type of diluent can be optimised to

produce membranes with desired physical and chemical properties. The use of pre-existing

polymer films provides an additional advantage in terms of shaping, particularly when thin

ftinctionallsed membranes are sought. The use of radiation-grafted membranes in some

applications requires an tensive characterization with respect to the targeted application.

High ionic conductivity, chemical stability and mechanical strength are among the most

essential properties for prompting the use of radiation-grafted membranes for practical

applications. Preparation of membranes by radiation induced graft polymerisation is being

pursued in many laboratories throughout the world to meet the growing demand for large

number of applications. Dialysis, reverse osmosis, pervaporation and electrodialysis are

among the separation applications in which the use of radiation-grafted membranes is

growing very fast. Other emerging applications including the use of these membranes as

solid polymer electrolytes in ftiel cells, battery separators, biomedical materials, stimuli-

responsive hydrogel membranes and chelating agents are also receiving an increasing

attention. Despite the continuous efforts to develop new membranes by grafting of various

monomer/polymer combinations, more efforts have to be undertaken to bring many more

of such membranes from the experimental level to the pilot scale and commercial

production. This is most likely to be achieved using electron beam accelerators for

irradiation purposes. The emergence of new generations of low and high-energy electron

accelerators is expected to prompt their use aong membranologists.

References
[I] Chapiro A, Radiat. Phys. Chem., 1977 9 5 5.

[2] Ellinghorst G, Niemoller A, Vierkotten D, Radiat Phys. Chem., 1983; 22: 635.

[3] Gupta B, Scherer GG, Chimia, 1994; 48: 127.

[4] Yuee F, Tianyi S, J Membr. Sci., 1988; 39: 1.

[5] Fang Y, Lu X-B, Cheng Q, J Appl. Polym. Sci., 1998; 68: 83.

[6] Emidaoui A, Belcadi S, Houdus Y, Cohen T, Gavach C, J Appl. Polym. Sci., Part: A:

Polym. Chem., 1992; 30:1407.

- 44 -



JAERI-Conf 2004-007

[7] Emidaoui A, Cherif AT, Brunea J, Duclert F, Cohen T, Gavach C, J Membr. Sci.,

1992;67:263.

[8] Tsuneda S, Saito K, Mitsuhara H, Sugo T, J Electrochem. Soc., 1995; 142: 3659.

[9] Kostov GK, Matsuda 0, Machi S, Tabata Y, J Membr. Sci., 1992; 68: 133.

[IO] Momose T, Yoshioka H, Ishigaki 1, Okamoto J, J Appl. Polym. Sci., 1989; 37: 2817.

[I I] Ghanem NA, E-Awady NI, Singer K, Bo P, Eur. Polym. J, 1979; 5: 1025.

[ 2 Hegazy EA, Dessouki AM, Radiat. Phys. Chem., 1986; 28: 273.

[ 1 31 Canepa G, Munari S, Rossi G, Vigo F, Desalination, 1973; 13: 159.

14] Saito K, Kaga T, Yamagishi H, Aki SF, Sugo T, Okamoto J, J Membr. Sci., 1989 4:

131.

[ 1 5] Matsuda 0, Kostov GK, Tabata Y, Machi S, J Appl. Polym. Si., 1979; 24: 1053.

[ 6 Shantora V, Huang RYM, J Appl. Polym. Sci., 198 1; 26: 3223.

[ 7 Starammikova LE, Teplyakov VV, Vysokomol, 199 1; Soedin-A3 3: 906.

[ 1 81 Hietala S, Skou E, Sundholm, F, Polymer, 1999; 40: 5 5 67.

[ 1 9] Iwata H, Matsuda T A dv. Biomater., 198 8; 8: 49 .

[20] Iwata H, Moodate Y, Uyama H, Arneniya H, Ikada Y, J Membr. Sci., 199 1; 55: 119.

[2 1 ] Jendrychowska-Bonamour AM, Millequant J, Eur. Polym. J, 1980; 16: 3 9.

[22] Odian G, Keusch P, Raffo J, Tufano J A Study of the Synthesis of Hemodialysis

Membranes, RAI Research Corporation, Progress Report, Pb 182990, December, 1968.

[23] Bhattacharya B, Prog. Polym. Sci., 2000; 25: 371.

[24] Kaetsu I, Radiat. Phys. Chem., 1995; 46: 247.

[25] Kwon OH, Nho YC, Park KD, Kim YH, J Appl. Polym. Sci., 1999; 71: 63 .

[26] Porath J, Carlsson J, Olsson 1, Belfrage G, Nature, 1975; 258: 598.

[27] Mohy Eldin MS, Bencivenga V, Portaccio M, Stellato S, Rossi S, Santucii M,

Conciglia P, Catagonola D, Gaeta FS, Mita DG, J Appl. Polym. Sci., 1998; 68: 613.

[28] Mohy Eldin MS, Bencivenga V, Portaccio M, Stellato S, Rossi S, Santuch M,

Conciglia P, Catagonola D, Gaeta FS, Mita DG. J Appl. Polym. Sci., 1998; 68: 625.

[29] Brett AMO, Gil MH, Piedade AP. Electrochemica Acta, 1991 9 7.

[30] Alves da Silva M, Gil MH, Redinha JS, Piedade AP, Pereira JLC, J Polym. Sci. Part

A: Polym. Chem., 199 1; 29: 27 5.

[31 Lezzi A, Dose LD, Rogger A, J Polym. Sci. Polym. Chem. Ed., 1994; 32:1817.

[321 Bernido C, Ornichi H, Kataia A, Okamoto J, Separat. Sci. Technol. 1988; 23: 35.

[.33] Hegazy EA, Abd El-Rehim HA, Aly AMI, Ali AE, Nowie HG, Nucl. Instr. Meth.

Phys. Res., 1999; 151: 393.

[34] Seong-H, Nho YC, Radiat Phys. Chem., 2000; 152: 187.

[35] Okamoto J, Radiat. Phys. Chem., 1987; 29: 469.

[36] Ishigaki 1, Sugo T, Takayarna T, Machi S, Okamoto J, Okada T, Radiat. Phys. Chem.,

1981;18:899.

- 45 -



JAERI-Conf 2004-007

[37] Assink RA, Amoled C Jr, Hollandsworth RP, J Membr. Si-, 1991; 56:143.

[38] Ginsete JL, Garraud JL, Pourcelly G, J Appl. Polym. Sci., 1993; 48: 2113.

[391 Wang, H, Capuano GA, J Electrochem. Soc., 1998; 145: 780.

[40] Gupta B, BiAchi FN, Scherer GG, Chapiro A, Solid State Ionics, 1993; 61: 213.

[41 Bachi N, Gupta B, Haas 0, Scherer GG, Electrochemica A cta, 1995; 40: 345.

[42] Brack HP, Bfichi FN, Rota M, Scherer GG, Polym. Sci. Eng., 1998; 77: 368.

[43] Nasef MM, Saidi H, Nor HM, Ooi MF, Polym. Int., 2000; 49:1572.

[44] Nasef MM, Saidi H, Nor HM, Ooi MF, J Appl. Polym. Sci. 200; 78: 2443.

[45] Nasef MM, Saidi H, Nor HM, Ooi MF, J Appl. Polym. Sci. 200; 76: 1.

[46] Nasef MM, Saidl H, J Membr. Sci., 2003; 216: 1.

[471 Holmberg, S, Lehtinen T, Nasman J, Ostrovskii DParonen M, Serimaa R, Sundholm

F, Sundhoh-n G, Torell L, Torkkefi M, J Maier. Sci., 1996 6 1309.

[48] Holmberg, S, N&sman J, Sundhoh-n F, Polym. Advan. Technol., 1998 9 12 .

[49] Hegazy EA, Dessouki AM, El-Assy NB, El-Sawy NM, El-Ghaffar MA, J Polym. Sci.

Part A: Polym. Chem., 1992; 30: 1969.

[50] Kaneko M, Isuchida E, J Polym. Sci. Macromolec. Rev., 198 1; 16: 397.

[5 1 ] Haruvy Y, Gratzel M, Rajbenach LA, Radiat. Phys. Chem., 1988; 31: 843.

46 -



Table 1: Summary of typical membrane separation processes

Membrane Type Membrane Process Driving Force Phase Field of Application

Dense Dialysis AC Liquid/liquid Purification of polymer solutions, blood purification,
controlled release, alcohol reduction in beer.

Dense Reverse Ornosis AP Liquid/liquid Desalination

Porous Microfiltration AP Solid/liquid Clarification of beverages, cell harvesting, reduction of
of bacteria and particulate turbidity, production of
ulterapure water for semiconductor industry.

Porous Ultrafilteration AP Liquid/liquid Purification and concentration of juices and polymer
solution, protein recovery and waste water purification
in dairy industry, starch recovery and pharmaceuticals

0
Porous Hyperfiltration AP Liquid/liquid Preparation of fresh water from brackish and sea water,

purification of waste water, metal recovery from ND
galvanic industry waste water, concentration of juice,
concentration of milk.

Dense/porous Electrodialysis AE Liquid/liquid Production of salt and ion free water from sea water,
reduction of acidity of citrus juices, chlor-alkali,
production of sulfuric acid.

Dense Pervaporation AP, C and T Liquid/vapour/liquid Dehydration of organic solvents, separation of isomer
solvents, recovery from water.

Dense Membrane distillation AP, C and T Liquid/vapour/liquid Production of pure water, solvent recovery

Dense/composite Gas Separation AP Gas/gas Natural gas purification, oxygen enrichment

Dense Piezodialysis AP Liquid/liquid Salt enrichment, separation of electrolytes

The driving forces ae AC= concentration difference; AP pressure difference; AE = potential difference
T is the temperature
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Table 2 Comparison between isotopes and electron accelerators

Points of comparison Radioisotopes Electron accelerators

Penetration Good Limited to acceleration energy

Mode of operation Single Dual (X-ray and electrons)

On/off ftinction No Yes

Throughput Low High

Radiation direction Scattered Well-directed

Power, energy and geometry No control Well-controlled

Dose rate Low High

Processing time Long Short

Nuclear waste Yes No
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Table 3 List of common polymers used in membrane preparation together with their repeating units

Polymer Abbreviation Repeated Unit

Hydrocarbon polymers

Polyethylene PE -CH2-CH2-

Polypropylene PP -CH2-CHCH3-

Polyvinyl chloride PVC -CH2-CHF-

Fluorocarbon Polymers

Polyvinyl fluoride PVF -CH2-CHF- la,

nIPolyvinylidene fluoride PVDF -CH2-CF2- 0

Polytetrafluoroethylene PTFE -CF2-CF2-

CF3

Poly(tetrafluoroethylene-co-hexafluoropropylene) FEP -CF2-CF2- C172-CF-

C3F7

Poly(tetrafluoroethylene-co-perfluorovinyI ether) PFA -CF2-CF2- CF2-CF-

Poly(ethylene-co-tetrafluoroethylene) ETFE -CH2-CH2- F2-CF2-
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Table 4 Some radiation grafted membranes and their applications in various separation
processes.

Separation process Membranes References

Dialysis PE-g-poly(N-vinylpyrrolidone) [4]
PE-g-poly(hydroxyethyl methacrylate) [5]
ETFE-g-polystyrene sulfonic acid [6]
ETFE-g-poly(4-vinylpyridine) [7]

Electrodialysis ETFE-g-poly(glycidylmethacrylate) sulfonic acid [8]
PTFE-g-poly(methyl trifluoroproproenoate)
ETFE-g-poly(trifluorostyrene) sulfonic acid 191

[10]
Reverse osmosis Cellulose-g-polystyrene [I ]

Quaternized PE-g- poly(4-vinylpyridine) [121
Quaternized PTFE-g-poly(4-vinylpyridine) [13]
PE-g-poly(glycidylmethacrylate) phosphoric acid
(hollow fiber membranes) [14]

Pervaporation PTFE-g-poly(N-vinylpyrrolidone) [15]
PVA-g-poly(methacrylic acid) [16]

Gas separation Polyvinyltrimethylsaline-g-poly(acrylic acid) [17]
PVDF-g-polystyrene [18]
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Electron radiation
No

Polymer film

H2C� Cfl Acrylic acid

I
n COOH

CH)-

(H2C , n

COOH

Cation exchange membrane

Figure 1: Schematic representation for preparation of weakly acidic cation exchange
membranes by preirradiation grafting of acrylic acid onto polymer films.
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Demon radiation

Polymer film

H.2 C:-- CH

Styrerie

n L

(H2C-CIk--

irafted film

SWfonation

OS03H

Strongly acidic cation exchange menbrane S03

Figure 2 Schematic representation for preparation of strongly acidic cation exchange
membranes by preirradiation grafting of styrene onto polymer films followed by
sulforiation.
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Electron radiation

Polymer film

H2C-CH

n
(H2C-CH)n

Quaternization

CH31
Grafted film (H2C- C 1),n

Amon exchange membrane CH317

Figure 3 Schematic representation for preparation of anion exchange membranes by
preirradiation grafting of 4-vinylpyridene onto polymer films followed by quaternization
reaction.
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1 Grafting of acrylic acid

---N-
Electron radiation

Polymer film

+ n 2C=CH

coo -(H2C-CH)7-
Acrylic acid 1

2. Hydrolysis of the graftedfilm COOH

KOH
(H2C-CH)7-- - (H2C-CH)7--

I I
COOH COOK

N
3. Grafting of 4-vinylpyridine

CH=CH2

-(H2C-
m

-(H2C-CH);7

I
COOK -(H2C-CH)T-

1
4. Quaternisation of the graftedfilm COOK

-ClH3C

'I
N N

-(H2C- H)7- -(H2C- H)

CHIC]

-(HX-CH)�- (H2C-CH)W-

I Anion/cation exchange membrane I
COOK COOK

Figure 4: Schematic representation for preparation cation/anion exchange membranes
by sequential grafting of acrylic acid and 4-vinylpyridene onto polymer films.
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2.6 Flue Gases Treatment by Electron Beam in China

ZHAN Wenlong

Institute of Modem Physics, Chinese Academy of Science

Introduction
• Research at SIAP, CAEP IMP, TsingHua, etc. since end of 1980's

• Patents (integral project) applied by CAEP, TsingHua, Daliang Ice Co., BaoShan

Co. etc.

• Demo projects of CAEP, TsingHua in China

Industry demo project in Chengdu, Beijing (Jingfeng)

Commercial pr 'ect in Huangzhou city

I" research at laboratory (SIAP) in China
• Flue gases: 25 Nrn 3/h

• Dose: 17 kGy

• Temperature: 70

Removed efficiency (SOJ: 92 %

Removed efficiency (NO,,): 77 %

• Products: (NH4)2SO4, NH4NO3

• Research purpose: EB dose, Temperature, NH4, etc.

Main technique feature of project

• Dry: CAEP, Chengdu (EnTech Co.)

• Dump: TsingHua Univ.

CAEP demo project
• Gases volume: 3000 - 12000 Nm 3/h

• Dose: 3 - 4 kGy

• Concentration (SO,,): 400 - 3000 ppmv

• Removed SO,,: --R� 90 %

• Concentration (NO,,): 200 - 800 ppmv

• Removed (NOJ: --2: 50 %

• N114 discharge concentration: 50 ppmv

• Electron energy: 800 - 1000 keV

- 5 -
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TsingHua demo project
Gas volume: - I 000 Nm 3/,h

Gas temperature: 140 

Humidity inlet/radiation: VII 

Concentration (SO,,): 150 - 1600 ppmv

Removed SO.: 92 % - 94 %

Concentration (NO,,): 400 - 450 ppmv

Removed (NO,,): - 33 %

NH4dischargeconcentration: ! I x lo-,

0 EB dose: - I kGy

Chengdu (EnTech) project
Gas volume: 300,000 Nm 3/h

Temperature: 132 C

Concentration (SO,,): - 1800 ppmv

Removed SO,,: Z!t 80 %

Concentration (NO,,): 400 ppmv

Removed (NO,,): -L- 18 %

Electron beam: 800 kV/400 mA X 2

Electricity consumed: 1900 kW

Product: - 90 % (NH4)2SO4 I NH4NO3

HuangZhou (EnTech) project, Test
Gas volume: 305,400 Nm 3/h

Temperature: 150 C

Concentration (SO,,): - 2767.6 mg/ Nm3

Removed SO.: ;R! 85 % 75 guaranty)

Concentration (NO.,): 200 ppmv (assumed)

Removed (NO,,): 55 %
0 Discharge powder: 200 mg/ Nm 3

Electron beam: 800 kV/400 mA X 2

Electricity consumed: 1896 kW

Product: (NH4)2SO4,- 1495 kg/h

JingFeng demo project (designed)
Gas volume: 630,000 Nm 3/h

Temperature: 146 

0 Concentration (SOJ: - 4200 mgNm 3
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• Removed SO,,: - 90 %

• Concentration (NOJ: 200 mg/Nm 3

• Removed (NOJ: - 20 %

• NH4 discharge concentration: 40 mg/Nm 3

• Electron beam: I 0 kV/500 mA X 2,

1000 kV/300 mA

• Electricity consumed: f-- 2850 kW

• Product: - 49 ton (NH4)2SO4/h

Cost Comparison

Projects Volume Total cost Cost Operation,$/t(SO2)

Entech 200 MW 11.4 M$ 3.78 ($/(kNm'/h) 120
300 kNm 3/h

Huangzho 210 t/h 9.0 2.96

305 kNm3/h

Jingfeng 100 + 50 MW 12.0 1.89 38.5

(Beijing) 630 kNrn 3/h

High power EB accelerator in China

• Insulated transformer electron accelerator,

< 0.8 MV/4OOmA, necessary be improved

• (Resonant) Transformer type electron accelerator,

< 25 MV/40 mA, in operation

- 1.2 MV/80 m.A testing

- 1.5 MV/300 mA commission

New government policy about flue gases contantination

• Reduce 20 % SO,, discharge in 2005

• Eliminate small power plant 50 MW in 2003

Eliminate I 0 MW coal power plant in 201 0

• SupplytheremovedSO,,setupfor >10yearcoalplant

• Option removed SO,, setup as CaCO2 method

• Encourage find new method to remove both SO,, and NO,, simultaneously

• Encourage to use co-product

• Increase charge for SO,, or NO,, discharge
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2.7 Electron Beam Treatment of Industrial Wastewater

Bumsoo HAN, JinKyu KIM and Yuri KIM
EB-TECH Co. Ltd., Korea

1. Electron Beam Treatment of Wastewater

The treatment of municipal and industrial wastewater becomes a more

important subject in the field of environment engineering. The treatment of the

industrial wastewater containing refractory pollutant with electron beam is actively

studied in EB TECH Co. Electron beam treatment of wastewater often leads to their

purification from various pollutants. It is caused by the decomposition of pollutants as a

result of their reactions with highly reactive species formed from water radiolysis

(hydrated electron, OH free radical and H atom). Sometimes such reactions are

accompanied by the other processes, and the synergistic effect upon the use of

combined methods such as electron beam treatment with ozonation, electron beam and

adsorption and others improves the effect of electron beam treatment of the wastewater

purification. In the laboratory of EB-TECH Co., many industrial wastewater including

leachate from landfill area, wastewater from papermill, dyeing complex, petrochemical

processes are under investigation with e-beam. irradiation.

TABLE 1. Wastewater under investigation at EB-TECH Co.

Wastewater (from) Purpose of investigation Results

Dyeing company Removal of color and organic Pilot plant operates and shows
Impurities Improve removal efficiencies

Papermill Decrease COD, color Reduction in impurities
Increase re-use rate Commercial plant designed

Petrochemical co. Removal of organic residues Removal of TCE, PCE, PVA,
after processing HEC and other substances

Leachate from Removal of organic impurities Bio-treatment efficiency
landfill area Improvement of Bio-treatment improved

Heavy metals Decrease in the content of heavy Removal of Cd, Cr +6 , Hg up
metal ions in water to 98 % 95 in P)

Municipal sewage Decrease inorganic contents and Good for uses in industries
plant microorganisms for re-use and irrigation

- 5 -
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2. Pilot Scale Test of Wastewater from Papermill

For the study of treating dyeing wastewater combined with conventional

facilities, an electron beam pilot plant for treating 1,000 m 3/day of wastewater from

80,000 M3 /day of total dyeing wastewater has constructed and operated in Taegu

Dyeing Industrial Complex. 1,2 A commercial plant for re-circulation of wastewater

from Papermill Company is also designed for Pan Asia Paper Co. Cheongwon Mill, and

after the successful installation, up to 80 of wastewater could be re-used in paper

producing process. 31 The method for the removal of heavy metals from wastewater

and other technologies 45] are developed with the joint works with Institute of

Physical Chemistry (IPC) of Russian Academy of Sciences.

A commercial plant for re-circulation of wastewater with electron beam from

Papennill Company is also under planning in Pan Asia Paper Co. Cheongwon Mill and

EB TECH Co. Cheongwon Mill is located from 120 km south of Seoul, and consumes

18,000 M3 of water per day. The major products of this company are papers for

newsprint 450 t/day) and are mainly made of recycled paper 91 %) and pulps. For the

economical point of view, it is preferable to recycle the treated water to production lines,

but now used only 20 - 30 at total water since the amount of organic impurities

after treatment are high and some of them are accumulated during re-circulation.

Purification of wastewater is now performed by 2-stages of chemical and

biological treatment facilities. The existing facility for purification of wastewater under

consideration consists of the following main stages:

1) Primary chemical coagulation flocculation;

2) Biological treatment by activated sludge with subsequent sedimentation and

filtration through sand filter

3) Secondary chemical coagulation (with the addition of hypochlorite);

The COD value after the first stage gives rise to decrease in COD value to

around 150 ppm. The COD value after the third stage is 45 - 90 ppm. The COD value

of finally purified wastewater should be less than 25 ppm.

In order to develop the most efficient method for re-circulation of wastewater,

the experiments were conducted with samples in various stages of treatment. In the

experiments, electron accelerator of I MeV, 40 kW with the dose rate of 40 kGy/s is

used. In order to carry out the experiments, the laboratory unit schematically shown in

Fig. I was constructed for irradiation under flow conditions. The initial water is placed

in storage vessel, which serves as saturator-equalizer. Air or ozone-air mixture with

controlled flow rate up to 40 I/min was fed to the vessel. Wastewater from the vessel is

moved with controlled consumption by pump to multi-jet nozzle. Diameter of each jet
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was equal to 4 mm; it is equal to the range of I MeV electrons in water. The rate of

wastewater moving at the exit of the nozzle was controlled within the range of 2 - 4 MA

(it corresponded to the rate of wastewater in the industrial plant under design). The

wastewater injected directed in parallel each other in horizontal plane; their flight length

was equal to -1.5 rn (at the initial rate 3 m/s). The wastewater injected along horizontal

part of their flight was treated by electron beam. Then irradiated wastewater was

collected into the special container.

Electron beam
Raw wastewater

Irradiated wastewater

Ozonator Saturator- Pum Multilet
equalizer nozzle

Ulato

Wastewat r

Wastewater output

Fig. 1. Laboratory unit used in electron beam treatment experiments.

In order to develop the most efficient combined electron beam method for

purification of the wastewater, the experiments were conducted initially with 4 various

samples: initial raw wastewater, wastewater after primary coagulation, wastewater after

biological treatment and filtration, and finally-purified wastewater. It is shown that the

decrease in absorbance is the most for first and third samples. Because of it the relative

changes in COD, BD5, TOC and absorbance at 235 nin were measured for raw

wastewater and wastewater after the second stage of purification as a result of electron

beam treatment at various doses and subsequent coagulation flocculation. The

A12(SO4)3 Slution was used as a coagulant. Sometimes the A12(SO4)3 + Fe2(SO4)3

solution served as a coagulant; in this case the better results were obtained. This effect

is the most at doses < 3 kGy. Note that a small increase in D5value was observed in

initial raw wastewater at doses < I kGy.

It was found that the positive influence of electron beam treatment is highest

for Wastewater after second stage of purification. The data obtained allowed to conclude

that the most advantageous part of existing technological line for using electron beam

treatment is after first coagulation flocculation and biological treatment. Because of it

the treatment of such a partially purified wastewater was studied in detail and under

various conditions. The values of CDc, CODMn, TOC and color were measured. The
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results obtained are shown in Fig. 2 In the figures, the following abbreviations were

used: LFS - the treatment by Fe2(SO4)3 coagulant and then by polyacrylamide, LAS -

the treatment by A12(SO4)3 coagulant and then by polyacrylamide flocculent, LFAS -

the treatment by mixed Fe2(SO4)3 + A12(SO4)3 (mole ratio 1:1) coagulant and then by

polyacryl amide flocculent, Electron beam treatment at maximum dose rate 40 kGy/s,

dose 13 Gy and rate of water flow 3 m/s. In each figure, solid black line shows the

mean value of the respective parameter for the initial wastewater (after primary

coagulation flocculation treatment and biological purification).

The decrease in the initial value of the parameter after any treatment is shown

by vertical line. The sequence of treatments is given along vertical line. The vertical line

is ended by an arrow, which indicates the achieved value of the parameter as a result of

the treatment. The best result is irradiation of water after biological treatment combined

with coagulation and filtration. Irradiation in this stage, the additional removal of

impurities is up to 80 % in TOC (Total Organic Carbon) values.

125 units

91 units

Fi ter te
r

- -- - - - - - - 34 units

29 units

25 units
17 units

9 units
4 units

Fig. 2 Color index of wastewater after various treatments

3. Commercial Plant Construction

On the base of data obtained by EB-TECH Co. and IPC the suitable doses in

this case are determined as around I kGy for the flow rate of 15,000 m 3 wastewater per
3day (since the 3000 in of wastewater is returned to initial stage with sludge). Therefore,

three accelerators with the total power of 300 kW and treatment system are designed for,

- Decreasing the operation cost of wastewater treatment facility

- Improving the removal efficiency of organic impurities below 25 in COD

- Increasing the re-circulation rate up to 80 %

Expected construction period includes I I months in civil and installation works
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and 3 months for trial operation. After the successful installation of electron beam

treatment facilities, up to 80 of wastewater could be re-used in paper producing

process (Fig. 3.

BOD 800 BOD 100
COD 1100 COD 150

Wastewater

Papermill lst Chemical Biological Sedimentation
Treatment Treatment

BOD 20
COD 45

70-80%
Recirculation

............ _........... < Rgi � E�'M iI>
FH�fluent 20-30% BOD 5 e-beam irradiation

COD 20 Filtration (coagulation)

Fig. 3 Process flow of e-beam facility for wastewater from papermill.

4. Pilot plant operation and Commercial plant construction of Dyeing Wastewater

Taegu Dyeing Industrial Complex (TDIC) in Korea is composed of more than

hundred factories occupying the area of 600,000 M2 with 13,000 employees in total. The

production of TDIC requires high consumption of water 90,000 m 3/day), steam, and

electric power, being characterized by large amount of highly colored industrial

wastewater.

Purification of the wastewater is performed by conventional methods - mixed

Chemical-Biological treatment (Fig. 4 and treats up to 80,000 m 3 of wastewater per

day, extracting thereby up to 730 m 3 of sludge. Rather high cost of purification results

from high contamination of water with various dyes and ultra-dispersed solids.
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Fig. 4 Existing Wastewater Treatment Facility in TDIC

5. Lab-scale Feasibility Study with E-beam

Because of increase in productivity of factories and increased assortment of

dyes and other chemicals, substantial necessity appears in re-equipment of purification

facilities by application of efficient methods of wastewater treatment. The existing

purification system is close to its limit ability in treatment of incoming wastewater.

The studies have been carried out regarding the possibility of electron beam

application for purification of wastewater. The experiments on irradiation of model dye

solutions and real wastewater samples (from various stages of current treatment

process) have been performed. The results of laboratory investigations of representative

sets of samples showed the application of electron beam treatment of wastewater to be

perspective for its purification (Fig. 5). The most significant improvements result in

decolorizing and destructive oxidation of organic impurities in wastewater. Installation

of the radiation treatment on the stage of chemical treatment or immediately before

biological treatment may results in appreciable reduction of chemical reagent

consumption, in reduction of the treatment time, and in increase in flow rate limit of

existing facilities by 30 - 40
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Fig.5. Results of feasibility test

6. Construction and Operation of Pilot Plant

Being convinced with the feasibility test results, a pilot plant for a large-scale

test (flow rate of 000 in 3 per day) of wastewater has constructed and is now under

operation with the electron accelerator of I MeV, 40 kW (Fig. 6. The size of extraction

window is 1500 mm wide and Titanium foil is used for window material. The

accelerator was installed in Feb. 1998 and the technical lines are finished in May. For

the uniform irradiation of water, nozzle type injector with the width of 1500 nun was

introduced. The wastewater is injected under the e-beam irradiation area through the

injector to obtain the adequate penetration depth. The speed of injection could be varied

upon the dose and dose rate. Once the wastewater has passed under the irradiation area,

then directly moved into the biological treatment system. The Tower Style Biological

treatment facility (TSB) that could treat up to 1,000 in 3 per day has also installed in

October 1998. TSB is composed of equalizer, neutralizer, and 6 steps of contact

aeration media. Each aeration basins are filled with floating or fixed bio-media to

increase the contact area and removal efficiency.
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Fig. 6 Schematic Drawing of Pilot Plant

Fig. 7 Electron Accelerator and Wastewater under Injection

7. Operation results of Pilot Plant

Pilot plant inlet flow is a mixture of two flows: raw wastewater from dyeing

process and wastewater from polyester fiber production enriched with Terephthalic acid

(TPA) and Ethylene glycol (EG); relative flow rate of the latter being 6 - of total

inlet flow rate. Concentration of tereplithalic acid in a pilot plant influent is about 2. 10-2

mol/1 that is much higher than total concentration of all other dissolved pollutants. This

concentration corresponds to electron fraction of TPA about 02 that makes direct

action of radiation on TPA (or other pollutant) be negligible when treating the

wastewater by electron beam. On the other hand, this concentration, is high enough to

prevent recombination of radical products of water radiolysis in the bulk of solution,

taking into account high rate constants of reactions of both reducing (hydrated electrons,

hydrogen atoms) and oxidizing (hydroxyl radicals) particles with tereplithalate anion:

- 65



JAERI-Conf 2004-007

e-aq + 1,4-C6H4(COO-)2 ) R I k 7.3xio I mor, S-1

H + 1,4-C6H4(COO-)2 ) R 2 k IxIO I mol-1 s-1

OH + 1,4-C6H4(COO-)2 ) R' k 3.3XI09 1 mol-1 s-1

Besides, because of high relative concentration of TPA comparing to other

polluting compounds, competition between listed reactions and reactions of radical

products from water with other compounds appears to be much in favor of the former

ones. It follows from above mentioned that the main (if not the only) result of electron-

beam treatment of pilot plant influent would be radiolytical transformations of TPA

which can improve its removal by biological treatment. Radiolytical transformations of

other initially present compounds, if those take place at all, can proceed via radical or

molecular products from TPA. Fig. shows that TPA enriched wastewater can be

efficiently purified by biological treatment. However, preliminary electron-beam

treatment improves the process, resulting in more significant decreasing TOC, CODCr,

and BD5.

As concerns changes in TOC, CDc,, and D5 during biological treatment,

from the data presented in Fig. it follows that preliminary electron-beam treatment

make it possible to reduce bio-treatment time twice at the same degree of removal.

Coincident results were obtained in a separate set of experiments on the same pilot plant

but with reduced wastewater flow rate (- 30 Uday). In this case inlet flow was divided

into two flows: the first one passed only biological treatment while the second one

passed electron-beam treatment, then biological treatment with reduced hydraulic

retention time (HRT). Averaged for one month's period decrease in TOC values

amounted 72 %, for the first flow 48 h HRT botreatment), and 78 %, for the second

flow (I kGy electron-beam treatment followed by 24 h HRT biotreatment).

Usually, increase in biodegradability after radiation treatment of aqueous-organic

systems is due to radiolytical conversions of some non-biodegradable compounds. It

was observed for the cases of radiation-induced elimination of sulfuric group from

isobuthylnaphtalene sulfonates or chlorine from various chlorinated organic compounds.

In present pilot plant experiments the improvement of biological treatment of

wastewater after preliminary electron-beam treatment was found to be caused by

radiolytical transformations of biodegradable compound. Electron-beam treatment of

wastewater should not appreciably affect total biodegradability of pollutants if the main

pollutant is biodegradable, but can improve biodegradation process at initial stages. In

other words, irradiation at comparatively low doses (several Grays) for this case does

not change total amount of biodegradable substance characterized by D5 but convert
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part of it into easier digestible form. This is confirmed, also, by the data presented in Fig.

I I where one can see that decrease in TOC, CDc,, and D5 during biological

treatment is close to linear one for non-irradiated wastewater, while for electron beam

treated wastewater the decrease is faster at the beginning of biological treatment and

decelerates during the process. [1]

-1; -2

0 5 10 15 20
100

80 __Q

60 0

40

100
80
60 C

4O . . . . . . . . .100
80

60 b

40 t2-

100

80

0 0 a60

40

0 5 10 15 20

Biotreament time, h

Fig.8 Effect of irradiation and biological treatment on wastewater parameters:

a-TOC; b-CODc,; cCODMn; dBOD

I - without EB treatment;

2- after EB treatment (dose 2 kGy).

- 67



JAERI-Conf 2004-007

Plan for Commercial Plant Construction

On the economical evaluation of electron beam treatment facilities, Commercial

plant for Dyeing wastewater is under consideration in TDIC and SHI for,

- Decreasing the amount of chemical reagent up to 50 %

- Improving the removal efficiency of harmful organic impurities by 30 %

- Decreasing the retention time in Bio-treatment facility

The characteristics of commercial plant are with the maximum flow rate of

10,000 m 3/day using one I MeV, 400 kW accelerator, and combined with existing Bio-

treatment facility in TDIC. Expected construction schedule is shown in below,

M onth 1 2 3 14 15 6 7 18 19 10 11 1 12 113 14 15 16 17 1 R e. a*s

Basic Design of Pant IPC
DetailDesign of Plant
Shield Room Constructic)n
AcceleratDr InstallatiDn BINP
Piping and Equipm ent
Trial OperatiDn DYE TEjj

8. Summary

-. For industrial wastewater with low impurity levels such as contaminated ground water,

cleaning water and etc., purification only with electron beam is possible, but it should

be managed carefully with reducing required irradiation doses as low as possible. Also

for industrial wastewater with high impurity levels such as dyeing wastewater, leachate

and etc., purification only with electron beam requires high amount of doses and far

beyond economies.

-. Electron beam treatment combined with conventional purification methods such as

coagulation, biological treatment, etc. is suitable for reduction of non-biodegradable

impurities in wastewater and will extend the application area of electron beam.

- A pilot plant with electron beam for treating 1,000 m3/day of wastewater from dyeing

industries has constructed and operated continuously since Oct 1998. Electron beam

irradiation instead of chemical treatment shows much improvement in removing

impurities and increases the efficiency of biological treatment. Actual plant is under

consideration based upon the experimental results.
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3. Outline of FNCA Project
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3.1 Progress of FNCA Activities in FY 2002

Sueo MACHI,
FNCA Coordinator of Japan

Highlights of FNCA Project activities are described below:

(1) Neutron Activation Analysis (NAA) for Monitoring Airborne Particles
The particulates samples in urban and rural areas areanalyzed. "Ko-method",

which greatly improves efficiency of NAA to be affordable in measurement of a large
number of environmental samples is being developed.

(2) Tc-99m Generator Production
Projects on "Tc-99m Generator Production" using Mo-99 produced by (n, y

reaction and Poly-Zirconium Compound (PZQ adsorbent have remarkable progress in
designing of production system in Japan and Indonesia. The demonstration of manual
production line was conducted in BATAN at the Workshop in 2003.

(3) Mutation Breeding
The project on "Mutation Breeding" has started a new specific program in China,

Indonesia, the Philippines and Vietnam to develop new varieties of the drought-resistant
sorghum and soybean in 2002, and will start the program of insect-resistant orchid in
2003 aiming economic impacts.

(4) Bio-fertilizer
The first Workshop of the project on "Bio-fertilizer" has formulated the work plan in

2002 including the field demonstration in participating countries to show benefits of
bio-fertilizen

(5) Radiation Oncology
This project has achieved remarkable progress in 210 clinical tests using the

advanced protocol of radiotherapy in NCA participating countries. Survival rate for
the stage III-B patients at years after treatment is 54% and the local control rate of

tumor is 82%, which show remarkable results. The guidebook on the treatment protocol

has been published in 2002 for therapists.
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(6) Public Information (PI) for Nuclear Energy

In this project the joint survey on "Understanding of Radiation" were carried out for

1 I 00 high school students in each of the eight participating countries.

(7) Radioactive Waste Management (RWM)

The Task Group for the sub-project on "Spent Radiation Source

Management"(SRSM) had visits to relevant facilities to have discussion to improve waste

management in Indonesia and Korea in 2002.

(8) Nuclear Safety Culture (NSC)

The self-assessment of research reactors has been conducted in each FNCA country

in order to identify the areas for further improvement in fostering safety culture and

management. The first peer review of safety culture for research reactor was carried out

successfully in Vietnam for the reactor at Dalat Nuclear Research Center.

(9) Human Resources Development (HRD)

The development of the common training materials in radiation protection area and

introduction of e-leaming system, are being progressed. The concept of regional

networking for research, high education and training was raised at the Workshop.

(10) Application of Accelerators

The demonstration low energy electron accelerator for liquid system was conducted

by the JAERI at the workshop in 2002.
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3.2 Outline of FNCA Project on
Application of Electron Accelerator

Tamikazu KUME

Project Leader of Japan for Application of Electron Accelerator

Takasaki Radiation Chemistry Research Establishment

Japan Atomic Energy Research Institute (JAERI)

1. Backgrounds of the New Project

1. The project on "Application of Electron Accelerator" was started after

the official approval of the 2 d FNCA Ministerial Meeting (MM) and

Senior Official Level Meeting (SOM) on 27 and 28 November 200 in

Tokyo.

2. The objective of the project is to develop new te chnology of low

energy electron beam (EB) irradiation system that has a variety of

applications and good safety features, and to demonstrate its

application. A self-shielded low energy accelerator system needs an

initial investment much lower than a Co-60 facility. Its operation is

simple and safe. The system can be applied in various fields such as

radiation processing, environmental conservation, etc.

3. The first project in the field of industry aims at wider application of

electron accelerator and also aims at implementation of practical

application bring benefit for participating countries through not only

the information exchange but also joint study by taking experimental

data. This project was organized with the participation of eight

FNCA countries including Japan.

H Activities for the Year 2002

1. The 2 nd Workshop was held from December 16 through December 30,

2002 at the Takasaki Radiation Chemistry Research Establishment

(TRCRE), Japan Atomic Energy Research Institute (JAERI) sponsored

by the Ministry of Education, Culture, Sports, Science, and Technology

(MEXT) and was attended by experts on application of electron

accelerator from each of the participating countries, i.e., China,

Indonesia, Korea, Malaysia, the Philippines, Thailand and Vietnam, and
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40 participants from Japan.

2. The main topic of the 2 d Workshop was the EB radiation system for
the liquid samples including the demonstration test of EB system for
liquid, review of the radiation systems, and designing and cost analysis
of EB irradiation system.

M. Achievement of the 2002 Workshop at Takasaki
1. Summary

The participants had the opportunity to discuss, exchange opinions
and share their experiences on issues related to radiation processing
and utilization of low energy electron accelerators in particular for
liquid samples.

Each participating country presented proposal for the cooperation
in the application of low energy electron accelerator, and some
countries have changed their plans from the previous workshop
proposals.

The major areas of interest of FNCA countries for cooperation were
identified for application of low energy electron accelerator as liquid,
thin film and granules. The gas and wastewater treatments were
added to the above major areas.

Several countries that have low energy electron accelerators, China,
Indonesia, Japan, Korea and Malaysia, have offered their facilities to
be used for the project. Iwasaki Electric Co., Ltd., Nissin-High
Voltage Co., Ltd. and EB-Tech Co., Ltd. will consider the possibility of
offering their facilities for the project.

The participants visited Toyo INK Co., Ltd. and Iwasaki Electric
Co., Ltd. They also learned about the flue gas treatment and
soft-electron through videotapes prepared by EBARA Corporation and
Nissin-High Voltage Co., Ltd.

Radiation degradation of chitosan in solution using low energy
electron accelerator was demonstrated at the radiation processing
laboratory of TRCRE and the participants visited a laboratory for
volatile organic compounds (VOC) that uses low energy electron
accelerator.

At the Round Table Discussion on the fourth day of the Workshop,
discussions were carried out to re-formulate the work plan of the
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project for three years until FY 2004 as recommended at the 3rd FNCA
Coordinators Meeting in March 2002.

It was agreed that gas treatment, including flue gas and dioxins
etc., and water purification be included in this program.

The venue of next workshop on the application of electron
accelerator for thin film, including hydrogel, membrane and packaging
film etc., will be held in late August or September 2003, at Malaysian
Institute of Nuclear Technology Research (MINT), or in the city of
Kuala Lumpur, Malaysia.

2. Work Plan (Research Development)
The work plan was agreed during the workshop as follows:
(1) Liquid (Application of electron accelerator for liquid)

1) Participating country: China, Indonesia, Japan, Korea, Malaysia,
The Philippines, Thailand, Vietnam

2) Accelerator: Already available in Japan, TRCRE, 25OkV, lmA,
China and Korea.

3) Topic: a) Natural rubber latex
b) Degradation of liquid natural polymer such as

carrageenan etc
c) Share: China-machine, Indonesia-latex, Japan-general,

Korea-general, Malaysia-chitosan, The Philippines-carrageenan,
Thailand-chitosan starch, Vetnam-alginate

4) Status: Workshop was completed at TRCRE.
5) Method of Collaboration: Five scientists from Indonesia, Thailand,

The Philippines and Vietnam visited to JAERI and worked together
for the natural polymers (chitosan, alginate, etc.) degradation in
liquid.

(2) Thin Film (application of electron accelerator for thin film)
1) Participating countries: China, Indonesia, Japan, Korea, Malaysia,

The Philippines, Thailand, Vietnam
2) Accelerator: Already available in Malaysia, MINT, 200keV, 2mA,

(Iwasaki, NHV, JAERI and EB-TECH in Korea)
3) Topics: a) Hydrogel

b) Natural polymer film
c) Share: China-hydrogel, Indonesia-low density
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polyethylene, Japan-hydrogel, Korea-hydrogel,

Malaysia-sago starch, The Philippines-hydrogel,

Thailand-hydrogel, Vietnarn-hydrogel

4) Status: Ready to start

(3) Granule, powder: spices, seeds, etc.

The subject is to be postponed.

(4) Top Priority of each country

China: Gas

Indonesia: Liquid

Japan: General

Korea: General

Malaysia: Polymer Film

The Philippines: Liquid

Thailand: Liquid

Vietnam: Liquid

IV. Future Plan/Others

1. Workshop program

(1) 2003 Workshop in Malaysia on thin film including membrane

packaging film and hydrogel

1) Report on topics of thin film

2) Report on the progress of each country for selected subject

3) Scientist exchange program

(2) 2004 Workshop in China on gas or in Korea on wastewater

1) Selection of the venue and subject for 2004 workshop

2) Discussion for detail program

2. Discussion for future activity

1) Midterm evaluation for 3 years project at 2003 workshop

2) Preliminary discussion for the phase 2 project at 2003 workshop

3) Final evaluation for 3 years project at 2004 workshop

4) Discussion for the phase 2 project at 2004 workshop

3. Homepage
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It was agreed that the FNCA Homepage should be utilized for
activities of application of electron accelerator.
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Table for 32 "Outline of FNCA Project on Application of Electron Accelerator"

THREE YEARS PLAN FOR FNCA PROJECT ON APPLICATION OF ELECTRON ACCELERATOR

FY2002 FY2003 FY2004 Remarks

Overall Autumn Mar. Autumn Mar. Autumn Mar.
Schedule 3' FNCA 3rCDM 4" FNCA 4'CDM 5" FNCA 5" CDM

(Korea) (Japan) (Japan) (undecided) (undecided) (Japan)

Participating
China, Indonesia, Korea, Malaysia, Philippines, Thailand, Vietnam and Japan (total countries)

Countries
00

Schedule of Autumn, 2002 August or September, 2003 Undecided
Ws (Japan) (Malaysia) (China or Korea)

Main Subject: Liquid Main Subject: Thin Film, Main Subject: Gas or Water

• Demonstration Test of EB including Membrane, Packaging . Demonstration Test of EB

System for Liquid Film and Hydrogel System for Gas (China) or Water

Contents of . Review of the Irradiation - Demonstration Test of EB (Korea)
Systems System for Application Thin . Study on optimum EB

Ws
• Designing and Cost Analysis of Film Irradiation System

EB Irradiation System . Study on optimum EB - Open Lecture

Irradiation System

. Open Lecture

Countries China: gas, Indonesia: liquid, Japan: general, Korea: general, Malaysia: polymer film, Philippines: liquid,

work Plan Thailand: liquid, Vietnam: liquid



JAERI-Conf 2004-007

4. Invited Papers

- 81 



This is a blank page.



JAERI-Conf 2004-007 JP0450532

4.1 Radiation Crosslinking of Polymer Materials

Furnio YOSHII
Takasaki Radiation Chemistry Research Establishment, JAERI

Summary
It was found that some polyfunctional monomers (PFM) like triallyl

isocyanurate (TAIC) and trimethallyl isocyanurate (TMAIC) when incorporated
at low concentrations, are effective for promotion of crosslinking of
biodegradable polymers such as polycaprolactone (PCL), poly(butylene
succinate-co-adipate) (PBS) and poly(lactic acid) (PLA). PFM are kneaded
with biodegradable polymers at molten condition before irradiation. Radiation
crosslinking of PBS and PCL with I% TAIC gave gel fractions of 80% at 2kGy.
This crosslinking is effective to improve deformation of biodegradable polymers
at high temperature. The irradiated materials retained their biodegradability
even after crosslinking when subjected to soil burial test.

Irradiation at molten state (melting temperature, 340'C) led to crosslinking
structures for polytetrafluoroethylene (PTFE). Crosslinked PTFE forms
transparent films with high abrasion property and high radiation resistance.
High-density polyethylene (HDPE) has a higher gel fraction in irradiation at
molten state than irradiation at ordinary temperature. Crosslinked HDPE has
been applied as knee joints in order to have high abrasion. Radiation
crosslinked polycarbosilane (PCS) fiber gives high heat resistant silicon carbide
(SiC) after firing. EB irradiation of PCS is effective to improve strength of
product and to inhibit flow during carbonization. SiC, being resistant to high
temperature will be applied in turbine and body of rockets.

1. Introduction
Practical applications for radiation processing of polymeric materials have

been evolving since the introduction of this technology nearly fifty years ago.
Radiation technical is a very convenient tool for the improvement or
modification of polymer materials through crosslinking, grafting or degradation.
Among them, radiation crosslinking is a key technology in the field of radiation
processing. Crosslinking of plastic materials was the earliest development in
industry, and the use of this technical is widely practiced today [ 1 2].

Radiation can induce crosslink structures in polymeric materials at various
phases such as solid, molten and solution states. EB irradiation crosslinking
can be used to produce polymeric material possessing heat-shrinkable property,
resistance to abrasion, heat resistance for industrial products. Some polymers
such as polyethylene, polypropylene and polyvinyl chloride) and PLA were
already widely used to improve the resistance to abrasion and process ability of
car tires and heat resistance of insulation wire by radiation crosslinking. In
order to produce some functional polymeric materials possessing
heat-shrinkable property, resistance to abrasion, heat resistance for industrial
application, recently, several research works were proposed to introduce
crosslinking structures for degradation type polymers, such as PTFE,
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biodegradable aliphatic polyester and polysaccharides. In this article, EB
radiation crosslinking of biodegradable aliphatic polyester, PTFE, and PCS and
their application are reported.

2. Materials and Irradiation
PCL and PBS with average molecular weights 2.19xlO5 and 2.96xlO',

respectively, were used in this work. Two different PFM such as TAIC and
TMAIC, were used as additive to prepare the mixed samples at 150'C by a labo
platomill model mixer. The sheet form mixed sample was irradiated by EB
irradiation.

PTFE sheet with 0.5mm thickness was used for this work. The sheet was set
in an irradiation vessel with heating device, and heated up to 340'C in Ar gas
atmosphere and kept the temperature within ±3'C. The sample was irradiated
by EB irradiation.

PCS fiber with 920jim was used for EB irradiation at Ar or H2 atmosphere for
crosslinking. Figure I showed these chemical structures.

3. Preparation of biodegradable materials based on PCL, PBS
PCL and PBS are known to be crosslinkable polymer. When the polymer

is exposed to irradiation, the molecular weight of the polymer increases and
forms an insoluble fraction called gel fraction. This process affects the
mechanical, physical, and chemical properties of the polymer, thereby changing
the quality of the original material.

Figure 2 and Figure 3 showed the gel contents of the irradiated PCL / PBS
with different amounts of TAMIC. TAMIC yield a higher gel content in
radiation crosslinking of PCL due to TAMIC has additional allylic hydrogens as
a-methyl groups. In addition, TAMIC has a cyclic unit that can achieve greater
three-dimensional network by irradiation. It can be seen that irradiated PCL
containing 0.5%, and 1% TMAIC form higher gel content than that of PCL
containing 3 TMAIC at the same irradiation doses. Similar behavior was
found for irradiated PBS containing TMAIC at dose of 10 and 2kGy. The
optimum gel fraction was formed in the presence of I %TAMIC at dose of kGy
for both PCL and PBS.

In this study, it was found that high gel fraction largely improves heat
stability of PCL, PBS, while biodegrability evaluated by soil burial test of the
crosslinked polymers is slightly retarded, however they are effectively destroyed
with a slightly smaller rate. The effect of PFM on biodegradability was shown
in Figure 4 It can be seen that weight loss of irradiated PBS containing %
TAMIC 83% gel) slightly diminishes compared to irradiated pure PBS 26%
gel) and unirradiated PBS (without gel). Therefore, after radiation
crosslinking the polymer samples still keep biodegradable capacity 3-4].

4. Radiation crosslinking of PTFE at molten state
PTFE is widely applied for the materials for daily use and for industrial
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equipment due to its heat resistant, high electrical insulation, and high stability
to any chemical solvent. However, PTFE is a typical polymer to degrade by
radiation under-goes through chain scission. The mechanical properties and
molecular weight are decreasing with a small dose. In this report, a new
technology was introduced to make PTFE crosslinking. It was found that the
PTFE could be crosslinking by irradiation in a special condition, the molten
state (heating up to 340'C in oxygen-free atmosphere) 5-8]. Figure showed
the relationship between mechanical properties and irradiation temperature for
PTFE irradiated with 100kGy under oxygen-free atmosphere. The elongation
at break and tensile strength decreased with increasing temperature until 3000C,
but the change drastically around the melting temperature of 327C. The peaks
in Figure were about 340'C. The elongation at break is rather higher than
that of non-irradiated PTFE. Above 3500C, both of them decreased sharply.
The changes and the behavior in the molten state strongly suggest the network
formation by the radiation induced crosslinking in PTFE.

Furthermore, DSC analyses revealed that in the crosslinked PTFE, the
temperature of crystals decreased with dose and also the heat of crystallization
(AH) decreased. It means that by the radiation induced crosslinking at molten
state, PTFE could not form the crystals by cooling from the molten state.
Therefore, PTFE sheet of white color changes to transparency by decreasing the
crystallinity as seen in Figure 6 In addition, crosslinked PTFE also possesses
good resistance to abrasion and high radiation resistance. Figure 7 showed the
abrasion factor of crosslinked PTFE.

5. Radiation crosslinking of PCS for reducing oxygen content
PCS fiber as a precursor for ceramic fiber of silicon carbide (SiC) was

usually cured to maintain the integrity of the fiber during pyrolysis to convert it
to a ceramic at high temperature. However, the thermal oxidation treatment
brought oxygen content in the ceramic fiber, and this should result
decomposition at high temperature (>1573K). In order to reduce the oxygen
content in the fiber and improve the heat resistance of the SiC' fiber, a new
technology using EB irradiation for curing treatment was introduced in this
report [8]. Figure 8. showed the synthesis process of EB cured SiC fiber.

In this new technology, PCS fiber was irradiated in He or Ar gas
atmosphere to crosslink it. The degree of crosslinking as monitored by
measuring the variation of the gel formation with the adsorbed dose as shown in
Fig 9 A SiC fiber with very low oxygen content was successfully synthesis by
EB irradiation. The heat resistance can be improved up to 1973 K. This
process was already developed to industrial plant (Hi-Nicalon). It was also
found that the mechanical property of the SiC fiber was improved by this EB
irradiation compared to thermal oxidation (Fig.10). Finally, radiation curing
for the precursor fiber can be carried out at lower temperatures, and control of
the curing is much easier than with the thermal oxidation process. SiC, being
resistant to high temperature will be applied in turbine and body of rockets.
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Fig. 2. Radiation crosslinking of PCL in presence of PFM.
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Fig. 4 Biodegradability of radiation crosslinked PBS with TMAIC in soil.
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Abrasion Factor of Crosslinked PTFE
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Fig. 7 Abrasion factor of crosslinked PTFE.
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4.2 Radiation Processing of Sago Hydrogel Thin Film

Kamaruddin Hashim and Norzita Yacob

Malaysian Institute for Nuclear Technology Research (MINT)

Abstract

Research study in the production of sago hydrogel sheet for wound dressings

application by radiation process using high-energy electron beam machine 3 MeV)

has been well established at MINT. However, producing thin film sago hydrogel is

another potential usage of this sago hydrogel. The research activity is to look upon the

possibility of utilize low-energy electron beam, Curetron 200 keV) for this purpose.

The studies are concentrate on the radiation parameters such as beam current, voltage

and dosage, thickness of sago hydrogel and density of polyvinyl alcohol solution for

comparison purpose.

The studies reveal that crosslinking of sago hydrogel depend on thickness of the

material expose to electron beam i.e. thin sample give higher degree of crosslink

compare to thicker sample, at specific dosage and beam current. Above 0. mm

thickness, the sago hydrogel cannot be crosslink by low energy electron beam. The

results also shown that for Curetron, 8 mA is the optimum beam current for effective

crosslinking process of sago hydrogel. The penetration of electron beam by Curetron

depends on density, based on the gel fraction of PVA crosslink where 20 PVA has

higher gel fraction than 25 PVA at specific dosage and thickness of sample. From

the study using high-energy electron beam machine 3 MeV), the degree of crosslink

reduced with increasing thickness of sago hydrogel for the voltage below than 075

MeV.

Keywords: Sago hydrogel, electron beam, radiation processing, film.

1. Introduction

The low-energy electron beam machine, Curetron 200 keV at MINT is mostly

being use to cure the coating resin, adhesive or printing ink that being apply on the

paper for surface coating application. The successful of crossfink sago hydrogel 1,2)

sheet by high-energy electron beam machine, 3 MeV will give us opportunity to

explore the potential of using low energy electron beam machine for the same purpose.

The high-energy electron beam also has the limitation in penetration ability to cure

especially the dense material. In the case of high-energy 3 MeV electron beam, the

maximum penetration is about.8mm thickness of polyethylene material. For the low-
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energy Curetron 200 keV, the electron penetration is about a few hundreds microns

which depends also on the density of the material.

The main objective of the study is to identify the limitation parameters of

crosslinking process such as beam current, irradiation dose and voltage of electron

beam machine, thickness and density of the tested samples, in this case semi-gel sago

and PVA solution. Beneficial of this study will see the production of thin sheet or film

sago hydrogel for cosmetic skin care application such as face mask. At the same time

will reduce the cost of manufacturing the said product in term of electrical power and

electron beam machine.

2. Materials and Methodology

2.1 Materials
Food grade sago powder was secured from Song Ngeng Sago Industries Sdn.

Bhd., Dalat, Sarawak, Malaysia. Polyvinyl alcohol (PVA) 117 with 1700

polymerisation and 98 - 99 specification was purchased from Kuraray Co. Ltd. of

Japan. Medical grade polyvinyl pyrrolidone (PVP) Colliding F was purchased from

BASF of Germany. Low viscosity carboxymethyl cellulose (CMC) sodium salt with

viscosity 1 - 20 cps 2 aqueous solution at 25 C) was purchased from Sigma

Chemical Co. The water used in this experiment is distilled water and all chemicals

were analytical grade reagents and used as-receive.

2.2 Sample preparation
Preparation of semi-gel sample as describe in the previous work [I] is a mixture

blend of sago starch with water-soluble polymers such as PVA, PVP and CMC in

distilled water. Then, the blend is heated in water bath at 90 T for 30 min and let it

cooled in the mould, at room temperature to form semi-gel sample. Thin films of sago

hydrogel with thickness in the range of 50 to 200 micron were prepared by using bar

coated machine on the self-release silicon coated paper. Sago hydrogel sheets were

prepared by pressing the semi-gel into the spacer with thickness range from 0.5 to 1.5

mm, using cool press.

2.3 Irradiation process
Thin film semi-gel samples were irradiated with variable range of irradiation

dose and beam current using low-energy 200 keV Nissin High Voltage electron beam

accelerator (Curetron). The samples were dried 24 h in air prior for analysis.

2.4 Analysis methods
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2.4.1 Gel fraction measurements
Gel fraction is performed by placing samples in stainless steel pouches and put

into a bottle, filled with distilled water. The bottle was heated in an autoclave at 121

T for I h. Then, the samples were dried in vacuum oven at 60 C until constant

weight. Gel fraction was calculated from the ratio of dry extracted sample to the initial

mass of dry gel sample.

2.4.2 Tensile strength measurements
Tensile strength (get strength) of thin film is determined on dumbbell sample

using Toyoseiki Strograph-RI Universal Testing machine at crosshead speed of

50mm/min and samples thickness is between 03 to 0.5 mm.

2.4.3 Water absorption measurements
Swelling test is performed by immerse the tea bag containing samples in distilled

water for 72 h at room temperature. The swollen samples were weighted after

carefully wiping out the excess water from the surface of tea bag. The degree of

swelling was calculated from the ratio of the swollen gel mass to that of the initial dry

gel mass.

3. Results and Discussion

3.1 Radiation processing by low-energy electron beam, 200 keV

The low-energy electron beam machine, Curetron 200 keV has limitation in the

capability to crosslink the semi-gel mixture. The study shown that parameters such as

thickness of semi-gel, beam current of Curetron machine, irradiation dosage and

density of the material are the main factors which influence the crosslinking process of

semi-gel sample.

3.1.1 Effect of thickness and beam current on crosslinking process

From figure 1, it shows that increasing thickness give very small significant

increase in gel fraction of sago hydrogel, at irradiation condition of 25 kGy irradiation

dose and 6 mA beam current. It means that at this particular irradiation dose and beam

current, the thickness of sample does not influence the crosslinking process of sago

hydrogel. However, there is large reduction on swelling with increasing thickness of

sample. Even though the gel fraction more or less the same for thickness of 100 and

200 micron, the swelling ability of 200 microns thickness sago hydrogel is far to less

than the 100 micron thickness. The swelling observation indicates that inter plenary

network (IPN) formation of 200 microns thickness sago hydrogel is more dense than

the 100 micron thickness sago hydrogel.
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However, at much low beam current of 4 mA, the gel fraction reduce with

increasing thickness of sago hydrogel, at all range of irradiation dose from 20 to 100

kGy, as shown in Figure 2 It shows that the beam current is another factor that

determines the crosslinking process of sago hydrogel, beside the thickness of sample.

70 -

100

60 -

5 - 80 CD
-0

C Cr0 40 - CO)
60 0

L)

LL 30 - 0
P

40
C)

20 - CL

20
10 CD

0 0

410 610 80 100 1 0 140 160 1;0 200 220

Thickness, micron

Figure 1: Effect of thickness on gel fraction and water absorption of sago hydrogel at

6 mA beam current and 25 kGy irradiation dose by Curetron 200 keV.
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Figure 2 Effect of thickness and irradiation dose on gel fraction of sago hydrogel, at 4

mA beam current of Curetron 200 keV.

The important of beam current on the crosslinking process was clarified further

by the results, as shown in the Figures 3 and 4 The gel fraction of sago hydrogel is

increasing with increasing beam current and mA beam currents of low energy

Curetron 200 keV is the optimum dose for crosslinking process of sago hydrogel.

Further increasing beam current to 10 mA will reduce the gel fraction of sago hydrogel,

at specified irradiation dose. However, at any particular beam current, increasing the

irradiation dose will increase the gel fraction as shown in Figure 3.

The same effect can also be observes on the gel strength of sago hydrogel. The

strength of dry sago hydrogel film also increases with increasing beam current and

irradiation dose as shown in Figure 5. The strength increase up to mA but further

increase in beam current does not improve the strength of sago hydrogel film.
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Figure 3 Effect of beam current and irradiation dose on gel fraction of 200 microns

thickness sago hydrogel
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Figure 4 Effect of electron beam and irradiation dose on gel fraction of 200 microns

thickness sago hydrogel.
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Figure 5: Effect of beam current and irradiation dose on strength of sago hydrogel film.

3.1.2 Effect of density on crosslinking process

It is difficult to determine the density of the sago hydrogel that consist of

many components of water-soluble polymers. Polyvinyl alcohol is one of the

components. Polyvinyl alcohol in the form of solution can easily be crosslink by

electron beam or gamma irradiation to form PVA hydrogel.

Even though thickness is one of very important factor that limit or reduce the

crosslink process by electron beam, as mention earlier. Figure 6 shown that gel fraction

of crosslink PVA increase with increasing thickness at 25 kGy irradiation dose and 6

mA beam current of Curetron 200 keV. The reason is that, PVA solution density is far

less than the sago hydrogel. Figure 6 also reveals that the important of density in

corsslink process. Where, above 90 microns thickness, the 20 PVA is more

crosslinkable than the 25 % PVA.
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Figure 6 Effect of density and thickness of PVA solution on the gel fraction, at 6 mA

beam current and 25 kGy irradiation dose.

Figure 7 also confirms the important of density in crosslinking process by

electron beam, where 20 PVA solution is more crosslinkable than 25 PVA

solution. It indicate that to high density of the material will reduce the mobility of

radical that form on PVA chain during irradiation to find other radical site for crosslink

process to take place.

Even though the dry thin film of crosslink 20 PVA has higher gel fraction than the

25 PVA as shown in Figure 6 the tensile strength of 25 PVA is higher than the

20 PVA, except for the 200 micron thickness, as shown in Figure 8. Below 200

microns thickness, the amount of PVA in the solution is the one that determine the

strength of the film. However at much thicker sample, 200 micron thickness, the

crosslink process is the dominant factor in determine the strength where 20 % PVA has

higher gel fraction than the 25 PVA.
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Figure 7 Effect of density and irradiation dose on gel fraction of PVA solution at 4

mA beam current and 200 microns thickness of PVA solution.
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Figure 8: Effect of density and thickness on tensile strength of PVA films.

3.2 Radiation processing by high-energy electron beam, 3 MeV

The low-energy electron beam, Curetron 200 keV has the maximum voltage

up to 200 keV and usefulness beam current for curing process up to 10 m.A. In order to

understand and determine further the relation of voltage and beam current of electron
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beam on much thicker sample of sago hydrogel, we have no other choice but to use

high-energy electron beam, 3 MeV for this purpose.

In this study, we found that there is a relation between thickness and voltage of

electron beam on the crosslink process of sago hydrogel. Even though Figure 9 shown

that gel fraction increase with increasing irradiation dose, the thin sample will has high

degree'of crosslink than the thicker one, at specified voltage and beam current. In this

case, 0.5 mm thickness sago hydrogel has higher gel fraction than Imm thickness at

0.5 MeV and 25 mA irradiation condition, but not for the Imm thickness compare

with 1.5 mm thickness of 06 MeV. The result also shown that increasing 0.1 MeV,

from 0.5 MeV to 06 MeV, give small increasing on gel fraction for same thickness of

sago hydrogel.

A
50- 0

A

40-

.0 30 -

LL

20 - -0- 0.5 mm, 0.5MeV

-0- mm, 0.5MeV
10 -A- mm, 0.6MeV

-v- 1.5mm, 0.6MeV
0

20 30 40 50 60

Irradiation Dose, kGy

Figure 9 Effect of thickness, voltage and irradiaton dose on gel fraction of sago

hydrogel sheet, at 25 m-A beam current of 3 MeV electron beam.

In this study, we found that there is a relation between thickness and voltage of

electron beam on the crosslink process of sago hydrogel. Figure
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Figure 10: Effect voltage and beam current of high-energy 3 MeV electron beam and

thickness of semi-gel sago on gel fraction of crosslink sago hydrogel.

4. Conclusion

Thickness of the sample has significant effect on the crosslinking process of sago

hydrogel especially at low beam current. However, no crosslinking is taken place at

500 microns (0.5mm) thickness of sago hydrogel when using low energy electron

beam, Curetron.20OKeV. Beam current mA of Curetron 200 keV is the optimum

beam current for the effective crosslinking process of sago hydrogel.

-The degree of crosslinking of sago hydrogel depends also on the irradiation dosage.

-The penetration of electron beam by low energy Curetron depend also on density of

the material. Low concentration PVA gives higher gel fraction compare to high

concentration PVA, at much thicker sample.

- Irradiation by high energy electron beam 3 MeV) shown that below 750 keV, the

degree of crosslinking reduced with increasing thickness of sago hydrogel.
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5.1 Country Report: China

Recent Status of EB Applications in China

Wang Zhiguang and Zhan Wenlong
Institute of Modem Physics, Chinese Academy of Sciences

Abstract
The advantages of energetic electron beam (EB) made it an attractive method for

radiation processing of materials. In the present paper, the recent status of R&D of EB
applications in China has demonstrated briefly.

1. Introductioh
Radiation processing using X-, yrays or electron beams (EB) has been

demonstrated on a large commercial scale to be a very effective means of improving
end-use properties of various materials. Practical applications for radiation processing of
materials have been evolving since the introduction of this technology nearly fifty years
ago. In recent years, much more attention has been paid on EB applications because of
that EB facility is easy to control maintenance, and of favorable safety in operation,
high efficiency and high purity in the materials processing. These advantages made EB
has extensive applications in various fields such as electronic electrical industries,
chemistry, materials science, agriculture, biological medical science, wastewater
remediation.

Since 1980s, Chinese scientists started EB applications in commercials. A great
effort has been made and a significant progress was achieved. In this paper, we present
the recent status of EB applications in China by some typical examples.
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2. R & D of EBs
2.1. Development of electron accelerators

(Commercial products)
Since the 1980s a series of types of

electron accelerators have been developed for
commercial applications. In the 1980s and
1990s and the present, the main parameters
being achieved are 2 MV A 25 mA and 2 MV
� 40 A, respectively. At the present,
electron accelerators with 2 MV, 1>40 mA)
and (10 MV, 1-0.5 mA) are in commercial
products. Furthermore, high, power EB
accelerators with 12 MV � 80 mA and 300 .. .....
kV 23 A have been achieved in Lab.

Figure I shows an overview of 12 MV � 80 Figure 1. An overview of Electron
mA EB accelerator made by Institute of Accelerator made by IMP
Modem Physics (IMP), CAS.

2.2. Main fields of EB applications
In China, energetic electron beams have been used in various purposes. The main

fields of EB applications are as the follows:

(1) Electronic electrical industries (e.g., semiconductor devices, cable,
(2) Materials science (e.g., cross-linking, radical graft polymerization, coating,

packaging, - -);

(3) Agriculture (e.g., hydrogel hybrid-type organs, breed irradiation modification,

(4) Biological Medical applications;

(5) Envirom-nental protection (e.g., Flue gases treatment,

(6) Food preservation (sterilization, packaging,

3. Typical examples of EB applications
3.1. Flue gases treatment

Some methods that could remove conventional nutrient pollutants (reactive
phosphorus, reactive sulphur, and reactive nitrogen) as well as toxic contaminant anions
(ammonium erchlorate) even at extremely w concentrations, from wastewater effluents,
chemical power plant funnels have been used in the aquaculture, agricultural,
municipal, nuclear, and defense industries. Here we paid more attention on flue gases
treatment.

There is one industry demonstration project in operation in Chengdu (Enteck) for
flue gases treatment. Figure 2 shows its technological process. This project was mainly
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used to treat SO2 NO, C02 etC-

Figure 2 Technological process of industry demonstration project in Chengdu (Enteck)

There are also two industry demonstration projects under construction in Beijing
and Hangzhou city, with flue gases volume of 3Ox IO' Nm'/h and 6.3x 105 NM3 /h for the
100 MW and 200 MW coal power station respectively. New flue gas treatment method is
optimized in Tsinghua University.

3.2 Electronic electrical products
As an example, EB irradiation has been widely used in the industrial companies

producing cables wires. There are 30-40 EB setups running in industrial companies to
treat shrinkable tube, cross-linking cable, heat-resistant and insulation plastics, and so on.
More than new facilities per year are to be installed in company. Table I gives a list of
Applications of EB setups in Chinese Industries.
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Table 1. Application of EB setups in Chinese Industries

HV EB Owner's Name Year Maker Application

3 NfV 40 mA Jilin Radiat. Chem. Inst. 1984 RDI Shrinkable tube

2.2 MV 25 m.A Tianshul Cable Co. 1989 BINP(1) Cross-linking

& IMP(2) cable& wire

2 NW 20 mA Yantai Cable Co. 1991 IHEP 3) IMP Irradiation

& SfNP 4) Cable

3 MV 10 iA Inst. Engineering Physics 1987 Nissian HV Shrinkable tube
Ltd.Co

2 MV 30 mA Xi'an Wire Co. 1993 RDI Wire

2.5 MV 30 mA Inst. Radiat. Protection, 1993 BINP Shrinkable tube,
Taiyuan & IMP Cable, Form Plastic

2.0 MV 10 mA Sichuan Cable Co. 1993 SPC(5) Cable

2.0 MV 10 mA Chengdu Shuangliu 1993 SPC Shrinkable

3.0 MV 30 mA Shrink Co. 2000 ViVilad Tube

2.5 MV 20 mA Changshou Cable Co. 1994 SINP Cable

2.5 MV 20 mA Liyang Cable Co. 1994 SINP Cable

1.5 MV 40 m.A Xinhua Cable Co. 1995 BINP Cable

1.5 MV 30 mA & IMP

2.5 NW 40 m.A Guangdong Cable Co. 1995 RDI Cable

2.5/1.5 MV 30 40 mA Inst. Changcun Chem. 1994 BINP Shrinkable Tube

2 NW 20 mA Inst. Nucl. Tech. 1995 BINP & IMP Shrinkable Tube

2.5 MV 30 mA Kunming Cable Co. 1995 SINP Cable

2.5 MV 33 mA Shanghai Cable Co. 1995 RDI Cable

2.5 MV 40 mA Huangshi Cable Co. 1995 RDI Cable

2 MV 10 mA Shenyang Special Cable Co. 1995 SPC Cable

2 MV 10 mA Dayu Shrink-tube Co. 1995 SPC. Shrink tube

2 MV 10 mA Tianjin Tech-Phys Inst. 1995 SPC Shrink tube

2 NW 10 m.A Yangzhong cable Co. 1995 SPC Cable

2 MV 10 mA Jiangxi Cable Co. 1996 SPC Cable

2.5 MV 30 mA Shanghai-minhang Cable Co. 1996 BINP & IMP Cable

2.5 NW 20 rnA Tianjin Cable Co. 1997 IHEP Cable

2.5 MV 40 mA Lanxi Cable Co. 1997 BINP & IMP Cable

2.5 MV 25 mA Huaian Cable Co. 1997 SINP, Cable

2.5 MV 30 mA Zhengzhou Cable Co. 1998 Vivilad Cable

2.5 MV 25 mA Zhunhua Cable Co. 1999 SINP Cable

2.5 MV 30 mA Shenzhen Special Plastic 2000 BINP Russia Shrinkable Tube
Product Co.

2.5 MV 20 mA Shijlazhuang Cable Co. 2001 IHEP Cable

2.5 MV 40 mA Guangdong Cable Co. 1995 RDI Cable

2.5 NfV 40 mA Guangdong Cable Co. 1995 RDI Cable

2.5/1.5 MV30 40 mA Inst. Changcun Chem. 1994 BINP Shrinkable Tube

BINP(l): Burker Institute of Nuclear Physics, Russia, IMP(2): Institute of Modem Physics, CAS,
IHEP(3): Institute of High Energy physics, CAS, SINP(4): Shanghai Institute of Nuclear Physics,

CAS,
SPC(5): Shanghai Xanfeng Company
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3.3. Biological medical applications
Most EBs on biological medical applications are focused on hydrogels for the

purposes of cosmetic, wound dressings, drug delivery systems, orthopedics applications,
dental and ophthalmic applications. For example, hydrogel dressing can protect injured skin
and keep it appropriately moist to speed heals process. its function is much like that of gauze
and hydrocolloid dressings, their common properties being absorbing liquids exuded by the
body, preventing infection from external bacilli, nonpoisonous, soft and with high adhering
properties, high permeability, sterilizing power, etc. But only hydrogel dressing have the
following exceptional characteristics: accelerated healing, painless removal of the dressing,
no residue, hence no need for physiological salt solution washing, transparency allows
observation of the healing process, e tc. These properties are unavailable using old-fashioned
gauze and hydrocolloid dressings. Hydrogel dressing as a new technique is used more and
more in surgical in China. In order to improve the quality of the hydrogel products and
enlarge the application, numerous research groups make in process of developing novel
hydrogel products with special functions. Figures 3 and 4 give two examples of hydrogels
studies in laboratories.

Figure 4 Graft proportion of powder HDPE
Figure 3 Graft proportion of P with different monomers vs. dose.
R-150 with PVA varying with EB I-Acrylic Acid, 2-HEMA, 3glycidyl
irradiation dose (Suzhou Medical methacrylate (GMA), 4-diethylene glycol
College). diacrylate (DEGDA), 5- pentaerythritol

triacrylate (PETA). HDPE=High Density
PolyEthylene (Beijing Normal Univ.).

4. Summary
EB applications were increasingly interested in China. By collaboration of institutes

(e.g., SIAP (Shanghai), IHEP (Beijing), IMP (Lanzhou), CAEP (Sichuan)) with industries and
companies, the link between R & D of EB facilities products has been enhanced and
enlarged. R&D to develop 10 - 500 kW high power electron accelerators for flue gas
treatment and other applications are in progress. Furthermore, 5-10 MV high energy electron
accelerator is under developing to replace 60CO source for sterilization, food, chips that is
supported by company.
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5.2 Country Report: Indonesia (1)

Application of Electron Accelerator for Thin Film
in Indonesia

Sugiarto Danu * and Dadang Darsono**

Center for Research and Development of Isotopes and Radiation Technology, Jakarta

** Research and Development Center for Advanced Technology, Yogyakarta

Introduction
Electron accelerator is widely used for the crosslinking of wire and cable insulation the

treatment of heat shrinkable products, precuring of tire components, and the sterilization of
medical products. Research and development the use of electron accelerator for thin fihn in

Indonesia covered radiation curing of surface coating, crosslinking of poly (butylenes

succinate), crosslinking of wire, cable and heat shrinkable, sterilization of wound dressing,

and prevulcanization of tire.
In general, comparing with conventional method, electron beam processing have some

advantages, such as, less energy consumption, much higher production rate, processing
ability at ambient temperature and environmental friendly.

Indonesia has a great potential to develop the application of electron accelerator, due to

the remarkable growth industrial sector, the abundant of natural resources and the increasing

demand of the high quality products.

This paper describes the activities concerning with R & D, and application of electron

accelerator for processing of thin fihn.

Electron Accelerator Facility

There are four electron accelerators have been installed in Indonesia. Three accelerators

belong to the low energy, and one is median energy. The first electron accelerator 300 keV,

50 mA) was installed in 1984 at Center for Research and Development of Isotopes and

Radiation Technology (P3TIR), as a pilot plant for radiation curing of surface coating of
wood products. The pilot-plant was designed for research and development training and
demonstration, technical and economical aspect, and also for radiation services [I]. In 1993,

the second accelerator from China, was installed in the same facility 2 MeV, 10 mA) for R
& D of crosslinking process of wire and cable, heat shrinkable tube and sheet, and other

radiation processes. A private company (PT. Gajah Tunggal) installed a low energy

accelerator (500 keV, 20 mA) for crosslinking tire components in 1998. In 2002, the
Bridgestone Indonesia Company has installed two electron accelerators with energy of 350
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keV and beam current of 150 mA, at Karawang, West Java. The equipments were used for

precuring of tire. Nissin High Voltage Company, Japan, made all of the low energy

accelerators.

In 1997, the project for construction of electron beam machine of 350 keV/ 10 mA for

multi purpose applications especially for thin samples for duration of five years was assigned

to the Yogyakarta Nuclear Research Center (Now: R & D Center for Advanced Technology)

by top leader of BATAN. In general, the main objective of the project is the capacity

building of the human resources development of the accelerator technology, especially for

handling electron beam technology. The output of the project is one prototype of EBM 350

keV IO mA for training and demonstration purposes especially in operation and maintenance.

Research and Development:

Radiation Curing of Surface Coating
The activities on radiation curing of surface coating using pilot-plant for wood products

cover synthesis of radiation curable materials, radiation surface coatings of several substrates,

and economic evaluation. The pilot-plant have two radiation sources i.e. electron beam

machine of 300 keV, 50 mA and one lamp of 80 W/cm, intensity UV source. Research and

development of the technology have been focused on various kinds of wood panel substrates

such as plywood, particle board, parquet flooring, and some commercial timbers 24]. This

is due to the reason that Indonesia is the world's leading wood producing country an a big

markets of wood finished products such as rattan based products, furniture and handicraft

products and other wood working products either for domestic or export.

Several companies have already used the pilot plant for their coating process of plywood,

particle board, parquet flooring, ceiling etc. UV-curing are widely used commercially in

industry for surface coating of wood based products i.e. parquet flooring, table top, fancy

plywood, fancy veneer and other ftimiture components. In addition for wood based products,

UV-curing was used for printing industries such as to cure overprint varnish for magazine,

printing ffiks for labeling, cigarettes papers, packaging materials, printed circuit board (PCB)

and dental materials.

Electron beam curing is still in a pilot scale. For many applications, production cost of

EB-coating is higher than LN-curing. The high production cost is mainly due to the several

reasons, such as high cost of equipment, inert system, and radiation curable materials. Ahnost

of thus items should be imported. The development of radiation curing of surface coating is

strongly depend on the innovation of new radiation curable materials and their equipments,

and an efficient and friendly-environmental process. Entering the globalization market in the

near future, this technology will be considered as an alternative and prornising technology for

processing many kinds of products.
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Radiation Crossfinking
The biggest application of accelerator is occupied by the process of crosslinking, such as

crosslinking of plastics, wire and cable, heat shrinkable tube and sheets, precuring of tire, and
special products. Some activities concerning with the use of accelerator for thin film which

was usually based on crosslinking process can be described briefly as follows.

Crosslinlang ofPoly butylene succinate)

The study of radiation crosslinking of three kinds poly (butylene succinate) in the
presence of different molecular weights, was conducted the presence of five

polyfunctional monomers and fourteen different inorganic materials at ambient temperature.

Poly (butylene succinate-co-adipate with high molecular weight (PBS 1), poly (butylene
succinate-co-adipate) with low molecular weight (PBS 2 and poly (butylene succinate) (PBS
3) were used for experiment. Irradiation was conducted using electron accelerator of 2 MeV

and a beam current of I mA.

Trimethalyl isocyanurate (TMAIC) was better at enhancing the formation of gel in the

irradiated PBS than did the other polyfanctional monomers, i.e., polyethylene glycol

dimethyl methacrylate (EGDM), trimethylol propane trimethacrylate (TMPT) and

tetramethylol methane tetra acrylate (A-TMMT) The amount of TMAIC blended with PBS

influenced the amount of gel resulting after irradiation. The most efficiently crosslinking was

achieved for PBS that contained I TMAIC. The crosslinked PBS in the presence of

TMAIC exhibited considerably iproved heat stability. The biodegradation rate of the

modified polymers was slightly diminished with an increasing gel fraction; however, the

polymers were still biodegradable.
The presence of some inorganic materials inside crosslinked PBS samples enhance the

yield of gel formation and 2 % of carbon black and 2 % of silicone dioxide respectively, give
optimum yield of crosslinkirig at irradiation dose of 160 kGy. The Irradiated PBS I

containing 2 silicone dioxide and 2 carbon black, elongated lowest than that of
unirradiated and irradiated pure PBS I as shown by creep test and thermomechanical

analysis (TMA). This is due to the formation of inorganic-polymer network during

irradiation that improves the heat stability. Investigation using enzymatic and soil burial test

showed that the rate of biodegradability of iradiated PBS I containing 2 % of silicone oxide
and 2 % of carbon black much faster than that of irradiated pure PBS 1. This phenomenon is

due to the enlargement of the sample's surface caused by the presence of inorganic material

in the sample and so enzymes are easier to enter inside polymer 5,6].

Indonesian researcher at TRCRE, JAERI-Takasaki, perfon-ned the research.
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Wire and Cable

Cable and heat shrinkable are the main component in the electricity, telecommunication,

automobile and related industry. According to Indonesian Electric Cable manufacturers'

Association (APKABEL), total capacity of cable production is 445,090 MT, which consist of

telecommunication cable, power cable, special cable and enameled wire.

In general, insulating cable was prepared of polyethylene and polyvinyl cloride. Center

for research and Development of Isotopes and Radiation Technology and Kabelindo Mumi

Comp., have carried out the joint research preparing master-batch for heat shrinkable

compound. The preparation of heat shrinkable compound and blowing process were

conducted at Kabelindo Murni, whereas iadiation, and physical/mechanical testing were

carried out at Center for Research and Development of Isotopes and Radiation Technology.

The best result regarding the physical/mechanical properties and performance before and

after blowing & heating are achieved at the dose of around 250 kGy. The experiment will be

continued in the design for efficient process of heat shrinkable.

CrQsslinking of low density polyethylene (LDPE) and polyvinyl cloride was performed

by iadiation using electron accelerator. The highest value of the gel fi-action of XLDPE,

tensile strength, and elongation at break were achieved at the energy of 2 MeV, current of 1.0

mA and irradiation dose of 300 kGy 7]. Heat- and oxidative-resistance of LDPE for cable

insulation increase significantly by addition of antioxidant after crosslinked using 300 keV

electron beam. Addition of 0.2 of antioxidant gave the optimum result at the dose of 300

kGy Antioxidant of Irganox. 1076 resulted better filrn properties as compared to the use of

Irganox 1010 and Santowhite powder [8]. The rate of flammability of polyethylene was

influenced by addition of flame retardant. The flame retardant used were halogen compounds

i.e. chloroparafin (CP), tetrachloro-bisphenol-A (TCBA), polyvinyl chloride (PVQ and

antimony trioxide (SbA). Linear buming rate of the sample without irradiation is lower than

that of irradiated one, but the flame retardant could not retard the burning rate of the

irradiated compound 9].

WoundDressing

In order to develop the application of irradiation for treatment of natural polymers, the

synthesis of polyethylene oxide (PEO - carrageenan hydrogel by using electron accelerator

and the effect of poly (ethylene glycol) (PEG) on the physicochemical properties have been

studied. The physicochemical properties of the hydrogel such as gel fi-action, water

adsorption, water loss, and tensile strength were observed. Increasing irradiation dose,

decreases gel fi-action of the hydrogel. Increasing PEG concentration decreases gel fi-action.

The ability of hydrogel to adsorb and reduce water evaporation increases with increasing

PEG concentration. Irradiation dose up to 40 kGy increases tensile strength. The appearance

of PEO-carrageenan blend hydrogel can be used for wound dressing.
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Prem1canization of Tire

The main application of electron beam radiation in the rubber industry is in crosslinking

(precuring) compounds requiring higher green strength. Tire manufacturing process can be

improved by the use of precured rubber sheet through electron beam irradiation. The inner

Imier of tire compound can be rapidly processed using accelerator.

Now, there are two pvate companies, namely, PT. Gajah Tunggal at Tangerang (near

Jakarta) and PT. Bridgestone Indonesia at Karawang (West Java) have already used electron

beam for prevulcanization (precuring) of tire compound.

Radiation

Accelerator electron 2 MeV, 10 mA at P3TIR has already used for sterilization of

wound dressing from medical company. Radiation services was performed using 2 MeV and

10 mA of accelerator to sterilize 20 boxes week. One box contains of 350 plastics packs,

and each pack contains of 16 pieces with the size of 16 cm X 16 cm and iadiation was

conducted a plastics pack with the dose of 25 kGy, voltage of 2 MeV and beam current of

5 mA.

Conclusion

Most of electron accelerator for processing of thin films is based on the crosslinking

process such as, radiation curing of surface coating, crosslinking of poly (butylene succinate),

crosslinking of wire and cable, wound dressing and precuring of tire. Some of the significant

progress and development on the application of electron beam processing in Indonesia have

been achieved. Crosslinking for prevulcanization/precuring of tire compound is an example

for the application of electron accelerator commercially by two rubber tire companies.

Improvement and advancement in the materials to be processed and electron beam

processing technology are the important factors in the growth of application for tin filin

processing. Economical aspect is still a dominated factor for the development the use of

electron accelerator for thin films.
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5.3 Country Report; Indonesia 2)

Construction of Electron Beam Machine 350 keV/10 mA for

Multipurpose Application of Thin Sample at P3TM-BATAN

Darsono

R&D Centre for Advanced Technology, BATAN, Yogyakarta

Background of Research and Development of Electron Beam Technology

In Indonesia the research on electron beam application has been started since a

pilot plant project of radiation technology for surface coating and curing using Electron

Beam (EB) was introduced in 1984 in Centre for Application of Isotopes and Radiation.

International Atomic Energy Agency, United Nation Development Program and the

Government of Indonesia f1mded the pilot plan project. The objective of the pilot plan

was to promote the EB technology for surface coating and curing of woods as well as

both for training and studying technical and economical aspects. To undergo this project

the electron beam machine (EPS 300) fabricated by Nissin Heavy Industry was installed.

This machine has main characteristic as following: maximum electron energy of 300 keV,

maximum electron beam current of 50 mA, scanning width of 120 cm, conveyer speed of

2.5 - 25 m/min, and the cooling Ti-window using liquid nitrogen. This machine had been

used for training and demonstration for some country in Asia excluding Japan for many

times. But since there was problem in the installation of liquid nitrogen in the end of 80 th,

the activity of the electron beam machine is deem even sleep. In the early 901h another

pilot plan project, funded fully by the Indonesian government, was initiated to install a

new electron beam machine (EBM) for R&D of crossfinking of wire and cable. The EBM

was bought from China with the characteristic as the following: maximum electron

energy of 2 MeV, maximum beam current of 10 mA, and scanning width of 120 cm, and

the window cooling using cool air. This machine also has many problems such as

vacuum and accelerator components.
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Status of Research and Development of Electron Beam Technology

Realize to those problems above the top manager of BATAN have decided to

push the engineers and scientist to acquire and handle the electron beam technology. In

1997 the project of construction of electron beam machine of 350 keV/10 mA for multi

purpose applications especially for thin samples for duration of five years was assigned to

the Yogyakarta Nuclear Research Centre (now become R&D Centre for Advanced

Technology) by top leader of BATAN. The main objective of the project is for the

capacity building in the human resource development of the accelerator technology

generally and to handle the electron beam technology especially. The output of the

project is one prototype of EBM 350 keV/10 mA for training and demonstration purposes

especially in operation and maintenance of EBM. Besides this project would give impact

to young scientist on self-confidence in governing and transferring technology from

developed countries. With experience in the construction of low energy ion accelerator

150 keV and in spite of limited budget the scientist and engineering primarily through the

method of leaning by doing have succeeded step by step to construct the component of

EBM 350 keV/10 mA such as E-gun system, high voltage system, vacuum system, beam

optic system, scanning horn window system, beam stopper system, and conveyer

system, and the embedded control system. The specification of the constructed EBM 350

keV/10 mA as shows in Table 1. Detail components of the EBM constructed can be

shown in the photos in the annex.

Table 1. Specification of EBM 350 keV/10 rnA kasi

Description Specification Additional information
Model BA - 350/20/03
Electron energy 350 keV CW type HV design for 50 kV
Beam current 10 mA Pierce type E-Gun design for 20 mA
Scanning beam width (1 200 x 60 mm can be adjusted

Speed of conveyer 0.2 - 30 m/min Computer control

Ti-Window cooling Cool air Nozzle air jet using blower
Electric power 5 kVA Main power 220 V, 60 Hz

Supporting facility
a. Blower Conditional For exhaust of ozone
b. Air Conditioning Conditional. For cooling machine and Ti-window
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The E-gun in the HV ten-ninal can be controlled in two ways in the main of control rod or

fiber optic techniques. The EBM parameters are displayed on the computer. For Egun

parameters the acquisition uses fiber optic technique. The control rod technique works

very well but the fiber optic technique has trouble for HV 150 M The accelerator tube

works in open air so that for 500 keV about 2 meter accelerator tubes are needed. Each

components of EBM have been tested and works well. Now EBM components have been

installed except the scanning horn. The EBM system has been tested and it has a little bit

problem in beam aligni-nent but soon it will be fine. The preliminary commissioning

schedule will be done in September 2003, and the inauguration will held in December

2003.

Future work plan of the application of EBM at P3TM

Because of window cooling system of our EBM, the possible uses of our machine

is for a thin sample which does not need inert gas such as plastic, hydrogel, powder, or

liquid. But to full fill that application the electron beam current should be improved up to

30 mA to reach enough irradiation dose. Also the conveyer should be modified if it will

use for powder sample because of low energy. Another possible use is for natural latex

but it will take two years to construct new high current electron gun to reach the

economic competitive. In the near future collaboration work between country region

should be strengthen not only in the application point a view but also in the technology

point a view so that the economic breakthrough of iradiation system using EBM would

be achievement soon.
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Control panel of EBM 350 keV/10 m-A
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...

Electron gun, accelerator tube, beam focusing and vacuum system
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......... ...... . ....
..........

Cockroft Wallton HV, Isotated generator, Power supply's box, Conveyer

....... ... .....

HV power supply's Box
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...........

...... .....

Scanning horn tube and magnet, beam stopper

Changing the beam monitor
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5.4 Country Report: Japan

Radiation Processing of Polysaccharide Derivatives

Fumio YOSHII

Takasaki Radiation Chemistry Research Establishment, JAERI

Summary

Carboxyrnethylcellulose (CMC), carboxymethylstarch (CMS),

carboxymethylchitin (CM-chitin) and carboxymethylchitosan (CM-chitosan) form gels

when irradiated at paste-like condition. Bedsore prevention mat filled up CMC hydrogel

crosslinked by irradiation at paste-like condition was practical applied as a health care

products. It was found that CM-chitosan hydrogels have anti-microbial activity and

effective as absorbents to remove metal ions. When crosslinked gel sheets of CM-chitin

and CM-chitosan were immersed in copper 1) aqueous solution, absorption of Cu (11)

were 161 mg/g and 172 mg/g, respectively.

Radiation crosslinking of cellulose derivative such as hydroxypropyl methylcellulose

plithalate, (HPMCP) kneaded with aqueous alkali solution and methanol was achieved

with EB-irradiation at paste-like condition. The HPMCP gel absorbed organic

solvents such as chloroform and pyridine

1. Introduction

Polysaccharides such as cellulose, starch, chitin/chitosan and their derivatives

have a variety of application in many fields owning to their unique structure, distinctive

properties, safety and biodegradability [I]. In their utilization, many shapes and material

properties are required such as hydrogels, which have been widely used in the field of

biomedicine and pharmacy. The hydrogels based on polysaccharides and their

derivatives have been studied widespread but no radiation crosslinking of

polysaccharides and their derivatives have been reported so far. Polysaccharides and

their derivatives are typical degradation polymers in radiation processing. But in several

studies conducted, it is found that polysaccharide derivatives such as

carboxymethy1cellulose (CMC), methylcellulose (MC), carboxymethylstarch (CMS)

and carboxymethylchitosan (CM-chitosan) undergo crosslinking when irradiated at

paste-like condition 2-5]. Polysaccharide derivative powder is kneaded homogeneously

with water and then pressed to obtain sheets of suitable thickness for EB irradiation.

Irradiated sheets have high gel strength. By this simple technology, biodegradable
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hydrogels are formed.

Radiation crosslinking without any additive in the fabrication process results in a

high-purity product. Therefore, the activity of the functional groups of the gel sample

for their special adsorption is the same of that of the original material, even after

irradiation. Cellulose ethers with hydrophobic substituents and a high degree of

substitution have solubility in organic solvent. Hydroxypropyl methylcellulose phthalate

(HPMCP), insoluble in water but have good organosolubility due to its high degree of

substitution, can be used as oil recovery material. Chitin/chitosan and their derivatives

have been used as suitable natural polymers for the collection of metals ions because the

amine groups and hydroxyl groups present on the main chain can act as chelation sites

for metal ions. To obtain highly efficient adsorbents with high chemical stability for

metal ions and organic solvents, we synthesized new types of crosslinked chitin

derivatives (CM-chitin/chitosan) and crosslinked cellulose ethers (HPMCP at

paste-like condition with EB iadiation.

In this report, radiation crosslinking behavior of polysaccharide derivatives at paste-like

condition and their applications, especially their special adsorptive ability were

reported.

2. Materials and Irradiation

Commercial products of CMC, CM-chitin, CM-chitosan, and HPMCP were used

in our research work. Scheme I showed their structure.
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Scheme 1. Structure of samples

All samples were kneaded well with solvent (water or the other) well by a glass

bar. The irradiation was carried out in polyethylene nylon blend bag heat-sealed after

removal air by a vacuum pump. Dynamitron electron beam accelerator 3 MeV 25

m.A) was used at the following iadiation parameters: acceleration energy 2 MeV, beam

current I mA, and the dose per pass I kGy.

3. Radiation Crosslinking of Polysaccharides

3.1.1 Effect of degree of substitution and concentration on crosslinking of CMC

CMC aqueous solution was irradiated at a high concentration (I 0-50%) to produce

crosslinkings 2]. The gel fractions of CMC with two different degree of substitution

(DS) of 136 and 22 against delivered dose are presented in Figure 1. Gel fraction rises

sharply just after exceeding the gelation point and levels off later. A high concentration

in aqueous is favorable for crosslinking. The presence of water enhances the yields of

macroradicals. So from the practical point of view, the polymers should be mixed with

water well to prepare homogeneous samples. A high DS also was found favorable

crossfinking. The CMC with a DS of 22 gives the highest gel fraction in high

concentration among these samples. It can be explained that intermolecular linkages are

a result of ether function.
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3.1.2. Application of crosslinked CMC on bedsore prevention

Carboxymethylcellulose (CMQ soft hydrogel is applied as a healthcare product in

hospitals and is used as bed mats for operation procedures (Fig. 2. Before operation is

conducted, the mat is pre-heated to body temperature 37 'Q using an oven heater.

Temperature could be maintained for a long time during operation. The hydrogel mat is

shown to disperse body pressure and improve circulation of blood during operation,

thus, it could prevent bedsores in patients. This hydrogel converts into fertilizer by

degradation of microorganism in soil. In addition, biodegradability is a big advantage of

this hydrogel.

3.2. Crosslinking of CM-chitin/CM-chitosan and their application for metal ion

adsorption

Crosslinking of CM-chitin and CM-chitosan was also observed at paste-like state

(above 10 %) of high concentration (Fig. 3. The crosslinking behavior is similar like

CMC. High concentrated paste-like condition was favorable for crosslinking 4, 5] In

the case of CM-chitosan, igh degree of deacetylation was found to negatively correlate

to crossfinking even if it has a high DS. The hydrogels created from carboxymethylated

chitin derivatives, exhibited excellent mechanical properties and good swelling in water.

Irradiation of 30% CM-chitin and CM-chitosan sheets gave maximum gel strength of

0.45MPa at kGy and 0.75MPa at 5kGy, respectively. Swelling of these gels showed

dependence on concentration with irradiation and swelling range is from 20 to 150 g

water I g dry gel. These values are less than that of CMC gel. It was found that

CM-chitosan hydrogels have anti-microbial activity and effective as absorbents to

remove metal ions. In our research, a new type adsorbent based on chitin derivatives

(CM-chitin, CM-chitosan) was prepared by irradiation 6]. The adsorption of Cu (11)

ions onto these crosslinked chitin derivatives was investigated. Adsorption kinetic

studies indicated a rapid removal of Cu (11) ions from aqueous solutions (Fig.4). Also,

isothermal adsorption data revealed that Cu (11) could be removed by these cross-linked

carboxymethylated chitin derivatives with high efficiency. Adsorption isothermal data

could be well interpreted by the Langmuir equation. The uptakes of Cu (11) ions on

cross-linked CM-chitin were 161 mg/g, and on cross-linked CM-chitosan was 172 mg/g

at pH 5.5. Low pH is favorable for Cu () desorption. The Cu (11) ions can be desorbed

from the crosslinked matrix rapidly and completely by treatment in diluted HO solution

and at the same time the adsorbents can be regenerated for the use again to adsorb heavy

metal ions (Fig.5).
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3.3. Crosslinking of HPMCP for organic solvent adsorption

Hydroxypropyl methy1cellulose phthalate (HPMCP) a cellulose-ether with a

phthalate functional group, is widely used in the pharmaceutical industry because it is

less susceptible to hydrolysis than cellulose acetate phthalate. Radiation crosslinking of

cellulose derivative having phthalate function (Hydroxypropyl methylcellulose

phthalate, HPMCP) kneaded with alkali aqueous solution, was achieved with

EB-irradiation at paste-like condition (Fig. 6 Low alkyl chain alcohol, ethers and

ketone can be used as the media for radiation crosslinking of HPMCP 7]. The gels

have good swelling ability in chlorofon-n and acetone. The HPMCP gel absorbed

organic solvents such as chloroform and pyridine. Accordingly, applications for

absorbent to adsorption of organic solvent are expected.
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Fig. 1. Crosslinking of CNIC by radiation

Fig. 2 Healthcare product in hospitals and bed mats for operation procedures
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Fig. 3 Effect of irradiation dose on crosslinking of CM-chitin and CM-chitosan.
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5.5 Country Report: Korea

Physical Properties of LDPE/Ethylene-l-Butene Copolymer
Film Irradiated by Electron Beam

Jeong 11 KIM and Young Chang NHO

Radiation Application Division, Korea Atomic Energy Research Institute,

Abstract
In this study, ethylene-l-butene copolymer (EBP) was blended with LDPE

to improve the mechanical properties as the packaging materials. After they

were irradiated by electron beam, their physical properties such as tensile

strength, elongation, modulus, peel strength, DSC, DMA were examined.

The results showed that the addition of EBP to LDPE exerted significant

effects on the mechanical properties such as the tensile strength and peel

strength. The addition of EBP led to a maximum increase in peel strength of

- 430 %. The addition of 10 - 25 w% EBP in LDPE was sufficient to

enhance the peel strength significantly.

Key words: polyethylene, ethylene-l-butene copolymer, crosslinking,

radiation

1. Introduction
Most packaging materials are based on polyolefins because they are

low in price, and versatile and easy to process. Especially, low density

polyethylene (LDPE) is valued for its flexible and sealing properties. In the

pharmaceutical industry, approximately 50 of solid pharmaceutical

products (tablet, capsules or powders) are now packaged in flexible

materials'. When oxygen, aroma and flavour protection are necessary, high

barrier materials such as ethylene vinyl alcohol (EVOH), polyvinylidene

chloride and aluminum applied through vacuum coating processes are used.

Ionizing radiation (gamma rays or electron beams) is being used

today for sterilization of pharmaceutical and medicinal products as well as

respective packaging materials. Ionization radiation effects on polymers

have been widely investigated. Accelerated electrons or short wavelength

electromagnetic radiation such as gamma rays promotes ionization and
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excitation to produce active species such as free radicals. The active species

tend to react with neighboring atoms, producing crosslinking and scission.

Thermal sealing or welding is used in packaging technology for connecting

films. The high performance of packaging should be obtained within the

shortest possible time. However, the sealing property of the irradiated

polyethylene can be reduced because of its crosslinking network.

In this study, ethylene-l-butene copolymer (EBP) was blended with

LDPE to improve the mechanical properties including melt-sealing. LDPE

exhibits a considerable amount of both long- and short-chain branches. For

ethylene copolymers the distinction has to be made between heterogeneous

and homogeneous copolymers. The ethyle-l-butene copolymer, investigated

in the present study, is called homogeneous copolymer 2, because the way in

which the comonomer is added during polymerization can be described by a

single set of chain propagation probabilities. All chains have the same

comonomer/monomer ratio, and have a relative narrow molar mass

distribution and a constant comonomer content for all chains, while all

chains have the same comonomer distribution. This material is of increasing

importance because of their recent commercialization made possible by

metallocene catalysis 3,4 and their potential applications, e.g., use as impact
5modifier, in packaging etc.

The objective of this research is to study the effects of electron beam

irradiation on the thermal and mechanical properties of LDPE/ethylene-l-

butene copolymer.

2. Experiment

2.1. Materials and sample preparation

LDPE and ethylene-l-butene copolymer were used as polymer

matrices in this work. Hanwha Chemical Corporation, Korea, supplied three

different LDPEs and their characteristics are listed in Table 1. Polyethylene-

1-butene copolymer 10.7 mol% 1-butene) was supplied by Aldrich

Chemical Company, Inc and has density of 0.88 g/cm 3and melt index(MI)

of 0.8. LDPE and EBP were mixed in a Brabender Plastograph at 1301C

for 10 min. The composition thus produced was pressed to form a sheet(150

X 150 03 mm). Samples of dumbbell shape for tensile strength were cut

from this sheet.

21. Gel measurement
The gel content of the irradiated LDPE and LDPE/PEB samples was
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determined by extracting the soluble components in boiling toluene for a

total of 24 h, and drying the residue at 60 IC for 24 h in vacuum oven.

2.3. Measurements of physical properties
The tensile mechanical behavior of samples was characterized using an

UTM (Instron model 4443). The measurements were carried out at room

temperature and cross head speed was 100 mm/min. The reported data were

obtained by averaging the results of tests.

Differential Scanning Calorimetry (DSQ measurements were done by

using a DSC-7 Perkin Elmer. The heating rate was 10 C min-' under 30ml

min-' N2 flow. All samples were run form 40 to 200 

The dynamic-mechanical properties were investigated on the dynamic-

mechanical analyzer (DMA 2980, TA instrument Co). The samples were

measured from 50 C to I 0 C at I Hz with a heating rate of 3 IC /min.

2.4. Peel strength measurement
To prepare the peeling test sample, the film (thickness, 03 mm) was

first cut into the size of 60 X 15 mm. Two films were overlapped, and the

area of 30 X 15 mm was heat-sealed at a pressure of 0. 4 kg/cm 2 at 135 IC

for I s. The peel testing was carried out using the Instron test machine at

180 and at the crosshead speed of 50 mm/min as shown in Figure 1 A

minimum five samples were tested for each formulation.

3. Results and discussion

3.1. Crosslinking
The exposure of LDPE to high energy radiation results in the

following changes: crosslinkin g6, main chain scission, evolution of

hydrogen and formation of main chain insaturation'-9. By determining the

gel content, we can get the information on the molecular structure of

polymer. The gel fractions of LDPE (MI: 03 13 40) and EBP (MI: 0.8)

irradiated at different doses are plotted in Figure 2 It was observed that the

gel content increased with increasing irradiation dose. The higher a

polymer's melt index, the lower the gel content was. It can be explained that

the crosslinking occur easily in the high molecular weight as the melt index

is in inverse proportion to molecular weight of polymer. LDPE with 03 of

MI reached about 90 at 100 kGy. Figure 3 shows the gel contents of

LDPE, LDPE/EBP blends and EBP. LDPE (MI = 40) had lower gel

content than EBP, while gel content of LDPE/EBP blends depended on the
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composition of two polymers.

3.2. Physical properties
0Among the expected effects of irradiation on mechanical properties,

ultimate tensile strength and ultimate elongation are of considerable

technical interest. Ultimate tensile strength of LDPE/EBP blend increased

with EBP content up to 50 wt%, and leveled off (Figure 4 Ultimate tensile

strength of LDPE and LDPE/EBP blends increased slightly with irradiation

dose regardless of the composition of LDPE/EBP (Figure 5). The addition of

EBP to LDPE led to the increase in the ultimate tensile strength of film.

Figure 6 shows the ultimate tensile strength when EBP were mixed with

LDPEs having the various MI. The tensile strength decreased with

increasing MI because the high MI means the low the molecular weight of

the polymer.

The elongation at the break point of LDPE/EBP was much higher than

that of LDPE. The addition of EBP to LDPE led to the increase in the

elongation (Figure 7 However, The elongation of LDPE and EBP decreased

slightly with the irradiation dose due to their crosslinking network except

LDPE of MI 40 (Figure 8). Young's modulus decreased with increasing

EBP because of flexible properties of EBP. However, there was no

significant difference in the elongation at the break according to the MI

(Figure 9.

Figure 10 shows the addition effect of EBP on peel strength of

LDPE/EBP blends at the irradiation dose of 50 kGy. The addition of EBP to

the LDPE resulted in increase in the peel strength of film. Irradiation

resulted in decrease in peel strength of LDPE; however, EBP or LDPE/EBP

blends showed no significant change after irradiation (Figure II).

Figure 12 shows the DSC curves of LDPE, LDPE/EBP blend and EBP,

respectively. The EBP thermoanalytical curve shows a broad endothermic

peak in the range of 60 - 8 C while LDPE shows a main endothermic

peak at about III 'C. Only one endothermic was observed when LDPE was

blended with EBP. This result shows that these LDPE/EBP blends display

apparent homogeneity. The irradiation of LDPE/EBP blend lowered its main

endothermic peak, since cross-links reduced crystallinity (Figure 13).

Measurements of the optical clarity were made with an EEL spherical

haze meter. Haze percent of LDPE (MI = 40) and EBP was 40 and 3,

respectively, while the haze values of LDPE decreased with rising EBP

contents.
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Figure 14 shows the effect of EBP addition on the storage modulus.

Storage modulus is the parameter related to the elastic behavior of material

when undergoing small cyclic deformations. The addition of EBP led to the

decrease in the storage modulus in the temperature range of 50 to 100 'C.

4. Conclusion

After LDPE and LDPE/EBP were irradiated by electron beam, their

physical properties were examined using tensile strength, elongation,

modulus, peel strength, DSC, DMA. The results showed that the addition of

EBP exerted significant effects on the mechanical properties of LDPE such

as the tensile strength and peel strength. The addition of EBP led to a

maximum increase in peel strength of - 430 %. The addition of 1 - 25 w%

EBP in LDPE was sufficient to enhance the peel strength. However, the

more addition of EBP did not produce any additional increase in peel

strength. These results show that the blend of LDPE and EBP is a

convenient method for improving the mechanical properties such as tensile

strength and the peel strength. The blending process of LDPE and EBP can

give the seal quality and the overall package performance for materials used

in medical and food industry.
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Table 1. The characteristic of various resins

Melting Melt

Trade name Density Temperature Index Company
(g/CM3) C ) (g/lOmin)

LDPE 5301 0.920 110 0.3 Hanwha
Co.

LDPE 5314 0.923 III 1.3 Hanwha
Co.

LDPE 5325 0.923 III 4.0 Hanwha
Co.

EBP

(Ethylene I -butene 0.880 60 0.8 Aldrich
copolymer) Co.

Gri

Pressure Film

Fil

Heating -111N.

(a) (b)

Figure 1. (a) Schematic diagram of heat sealing, (b) peel test.
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Figure 2 Gel contents of various polymers with irradiation dose.
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Figure 3 Gel contents of various LDPE/EBP blends
with irradiation dose.
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Figure 4 Tensile strength of various LDPE/EBP blends.
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Figure 5. Tensile strength of LDPE/EBP blends with irradiation dose.
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Figure 6 Tensile strength of 50 kGy-irradiated LDPE/EBP blends.
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Figure 7. Elongation of various LDPE/EBP blends.
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Figure 8. Elongation of various polymers with irradiation dose.

25 -

-40- LDPE (Ml 0.3)
20 - --O- LDPE (Ml 1.3)

LDPE (Ml 4.0)E
E

1 -

0
2 10 

c

5-

0-

0 20 40 60 80 100

EBP Contents (wt%)

Figure 9 Tensile modulus of various LDPE/EBP blends.
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Figure 10. Peel strength of various LDPE/EBP blends.
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Figure 1 1. Peeling stress of LDPE/EBP blends with irradiation dose.
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Figure 12. DSC thermograms of LDPE, LDPE/EBP blend and EBP.
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Figure 13. DSC thermograms of LDPE/EBP (50/50 wt%) blend.
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Figure 14. The storage modulus of various LDPE/EBP blends.
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5.6 Country Report: Malaysia

The Applications of Electron Accelerator:

Liquid, Thin Film and Gases

Khairul Zaman Hj. Mohd Dahlan, Kamaruddin Hashim and

Zulkafli Ghazali

Radiation Processing Technology Division,

Malaysian Institute for Nuclear Technology Research (MINT),

Introduction
The current industrial application of nuclear technology such as radiation

processing fits in well into the country's development program. Radiation processing is one

of the industrial processes that can be used for cross-linking, grafting, elimination of

microorganisms, modification of organic compounds, cleaning of environmental waste -

liquid, solid and gases and etc. The radiation processing technology can be an integral part

of the manufacturing line for the production of flame/fire resistant wire and cable, heat

shrink tube, hot water tube, heat shrink film for packaging, sleeve, composite materials,

viscose rayon and many other profile and molded products. It has been proven as unique

and commercially iable process. On the other hand, the materials used for radiation

processing are specifically compounded. Therefore, research and developmental work

carried out at MINT focuses on the development new applications of digenous natural

polymers and development of blends and composites compounds for specialty products

such as high scratch and abrasion resistance materials, flame and fire resistance materials,

nano-structured materials etc. At the same time, electron accelerator is also seen as an

attractive alternative for treatment of environmental waste that will not resulted in a

production of secondary waste.
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Table 1. Some possible materials process and output expected from research activities at

MINT.

Materials Process Output
Product/Application

Natural rubber 9 Blending/Composite 9 Composite profiles, film,

* Modification/ synthesis foam, membrane, sheet
Oil palm * Compounding, extrusion * Injection molding of modified

Polysaccharide e Injection molding and composite
9 Coating/larnination * Hydrogel for biomedical and

Thermoplastic * Gamma vulcanization, health care products
0 Electron beam cross- 9 Modified natural polymer for

Thermoset Composite linking, grafting, curing agricultural applications
0 Radiation degradation * Biodegradable foam and films

for packaging

Environmental pollution 9 cleaning the gases and 9 Clean air release to the
- Sx and NOx from power water. atmosphere

stations and incinerator. e Clean drinking water and
- Industrial waste water and treated industrial wastewater

drinking water
- incinerator gases

Challenges and Opportunity

Malaysia is rich of natural polymer such as natural rubber and rubber based

materials, palm oil and palm oil based materials, starch from sago and cassava, chitin and

chitosan from shrimp shelves. These materials are currently being used in the country and

the technology to support the production and utilization of the materials are well established.

Being natural polymer, they are envirom-nental friendly and biodegradable and they are well

known as 'green polymer'. With the current low market price of these materials, it is more

prudent to diversify its usage and to give more value added to the materials. Currently

MINT is conducting research in the following areas.

Radiation processing of thin film/membrane;

• Sago hydrogel

• Sago film

• Commercial membrane for fuel cells

• Synthesis of high abrasion and scratch resistance coating materials

Textile and food beverage industries in Malaysia are amongst the industries that

create a significant volume of wastewater. Most of the companies belong to this industrial

- 147 -



JAERI-Conf 2004-007

sector are small and medium in size. Their locations are scattered throughout the country.

However, in certain industrial areas such as in Seberang Pral, Pulau Penang and Batu Pahat,

Johor, there is a concentration of textile companies. In average, the volume of wastewater

generated per day is between 15 - 1,000 cum. However, for a few large-scale textiles

companies, the volume of wastewater is up to 4000 cum per day. All companies have

wastewater treatment plants as required by the environmental regulation. However, the

main problems for almost all the treatment plants are difficulty in maintaining COD level

below 100 mg/L for the effluent and disposable of sludge. This project was started a year

ago at the laboratory stage using electron beam for treatment of wastewater from a textile

company. However, there three types of liquid waste that will be under study in future

which are as follows;

Radiation processing of liquid;

• Textile industrial waste water

• Food & beverage waste water

• Drinking water

Status of Reserch

Electron beam irradiation of thin sago hydrogel Mm

Research on development of hydrogel from sago starch for wound dressing was

conducted between MINT and JAERI for years and has completed in December 2002 In

this work, the thickness of hydrogel used was in the range of - 3 nun and it is cross-linked

by using electron beam accelerator at 1.0 MeV. For the subsequent work under the NCA

activity, the usage of low voltage electron accelerator (Curetron, 200 keV) was emphasized

and a study was conducted with the following objectives;

* a minimum possible thickness of hydrogel that can be prepared and practically

utilized and

0 a minimum voltage required to sufficiently cross-linked the films with a single

sided irradiation.

* to characterize the properties of the thin films

The following result in Figure I shows that the appropriate thickness of hydrogel

filmthathasanoptimumwaterabsorptioncapacityisat-100pm. Athigherthicknessgel

fraction icrease slightly, however, the swelling ratio or water absorption capacity drop

significantly which is usually associated with the increase in cross-linking density.

However, in this case whereby water is the main constituent of hydrogel >80 %), it is

believed that there is a reduction in OH functional groups capability of the compounds in

hydrogel to attract water molecules.
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Figure 1 Effect of thickness on gel fraction and water absorption of sago hydrogel, at 6 mA

beam current and 25 kGy irradiation dose by Curetron 200 keV

Another important phenomena when hydrogel is irradiated that it is dose rate or beam

current dependence. Figure 2 shows the effect of electron beam currents on the gel fraction

of 200 prn hydrogel fihns using 200 keV electron accelerator. This indicates the role played

by the primary radicals of irradiated water in the process of crosslinking of hydrogel At

beam current 8.0 mA, irradiated hydrogel gives the optimum gel fraction. However, as the

dose increase from 25 to 100 kGy, the gel fraction of the hydrogel at various beam currents

increases. Consequently, the tensile strength of hydrogel also increase with the increase of

irradiation dose.
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Figure 2 Effect of electron beam and irradiation dose on gel fraction of 200

microns thickness sago hydrogel.

Electron beam irradiation of textile industrial wastewater

Following the visit and recommendation of Dr. Bumsoo Han of Korea in 2001 a

project was initiated to study the possibility to treat wastewater from the textile industry in

Malaysia. This project was presented and proposed to be included in the NCA activity

during the meeting of FNCA in February 2002.

The following are some of the results of research that have been carried out using the

industrial wastewater from a textile company in Malaysia. As has been mentioned earlier,

the main problem of the effluents from the textile industry in Malaysia is the level of COD

which is double than the permissible level. In the preliminary study it shows that electron

beam radiation in the presence of air is capable of reducing COD level. Oxygen in the air

has facilitated the reduction of the chemical substances in the wastewater. However, the

max reduction so far achieved at 20 kGy was 27.4 %. Further process is necessary given

the high level of the chemical substance in the wastewater as indicated by the presence of

234 ppm. of COD.
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Conclusion

As indicated by the results of the above study, low energy electron beam

accelerator of 200 keV to 500 keV can be utilized to irradiate thin hydrogel film in the

range of 60 to 500 p thickness. However, the industrial applications of this technology

wiII depend on its applications. For thin films, cosmetic use such as faced mask is

possible. The production of sago hydrogel for cosmetic used is in the process of

commercialization in Malaysia.

As for electron beam treatment of industrial wastewater in particular the effluent

from the textile industry is still at infancy. Further work is necessary in order to have a

base line data before the commercialization is taken place.

Malaysia has also embarked on the electron beam treatment of flue gases and has

completed the semi-pilot scale study by using 1.0 MeV electron accelerator voltage and

400 cum flue gas generated from diesel generator. This study was conducted together

with the TNB Research, the research institute belongs to the electrical power company in

Malaysia. For technology transfer and commercialization, MINT is planned to promote

this technology to Independent Power Producers (IPP) in Malaysia.
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5.7 Country Report: The Philippines

Radiation Processing of Thin Films in The Philippines

Estelita G. Cabalfin
Philippine Nuclear Research Institute

1. Introduction

The Philippine Nuclear Research histitute (formerly the Philippine Atomic Energy

Commission), as a government agency deeply committed to serve the Filipino people through

research and development work, continues to exploit the unique advantages nuclear energy and

radiation can offer.

Recognizing that radiabon processing has diverse industrial applications, such as in

radiation sterilization, radiation cross-hnking, radiation curing and food irradiafion, the Philippine

Nuclear Research histitute (PNRI) has been undertaking research and development work on the

application of radiation processing.

2. Radiation Processing of Thin Fffins

Since there is no low energy electron accelerator available yet the Philippines, a local

research and development work on radiation processing of thin films have been done using the

pilot scale gmma iradiation facility of PNRL In 1989, the iradiator a Gammabeam 65 PT from

Nordion International had an initial loading of 1 I PBq 30,000 Ci) 6Co. Additional 'oCo were

loaded Mi 1993 and 1996, malting the total loading about 5.5 PBq (I 50,000 Ci) in 1996. At pesent

the 'oCo loading is about 22 PBq 60,000 Ci).

The Phihppmes is the worlds largest producer of Eucheuma seaweed, the source of

can-ageenan, and the country supplies about 80 of the worlds requirement for Eucheuma

seaweed and the processed Eucheunw seaweed (PES).

About 70 of a carrageenan products are utilized in the food industry. It is used as

emulsifier, stabilizer, thickener and gelling agent. Other applications of can-ageenan are in the

cosmetics, pharmaceuticals and personal care industries. The PNRI is therefore exploring new and

diversified applications of carrageenan. Studies to investigate the potentials of can-ageenan for

non-food applications are being conducted.

2.1. Hydrogels

Through adiation crosslinking a hydrogel from kappa can-ageenan KC) and polyvinyl

pyrrolidone (PVP), for use as a bum dressing, has been successfiffly prepared. The ormulation for

PVP-KC hydrogels has been established. Clinical trials using this hyrdogel on bm patients have
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been done at several hospitals like the Philippine General Hospital, the East Avenue Medical

Center, the Jose R. Reyes Memorial Medical Center and the Veterans Memorial Medical Center.

Results of these clinical tests indicated that the hydrogel compares favorably well with

conuner-cially available hydrocolloids used as bum dressing.

A patent for the can-ageenan-PVP hydrogel as bum dressing has been filed at the

Philippine Intellectual Property Office. The paper Sterile Hydrogel for Bum hjuries" won second

place in the Likha Award (Outstanding Creative Research Award) during the National Investors'

Week 2000.

With ftinding from the Department of Science and Technology (DOST), PNRI in

partnership with the private sector, will set up a pilot scale plant for the production of KC-PVP

hydorgel. The private company will eventually operate the plant and market the hydrogel product.

Clinical trials on the PVP-KC hydrogels as bed sore dessing were conducted at the

United Doctors Medical Center. Around 50 patients with varying degrees of bedsores were treated.

The clinical trials of the PVP-KC hydrogel. as dressings for bed sores indicated positive results.

Healing time depended on the extent of injury.

The effectiveness of the PVP-KC hydrogel as a hemostatic material was tested on New

Zealand albino rabbits. Control of bleeding when the hemostatic aterial was applied onto the

excised right kidney of the rabbits was measured and compared with a commercially available

hemostat (Surgicel). Results indicated that the PVP-KC hydrogel cannot be used as a hemostatic

agent, snce bleeding of the excised right kidney of the albino rabbits could be not be stopped.

Absorption ofthe blood was not as fast as the rate of bleeding.

A pure can-ageenan based film was formulated and used instead as a hemostatic material.

Absorption of blood was fast. Preliminary results indicated that the hemostatic time, ease of

application and fissue reactivity of the can-ageenan based hemostat were comparable to the

commercially available hemostatic agent Srglicel.

To improve tackiness and tensile strength after swellin& several modifications on the

established fortnulation. of the PVP-KC hydrogels were done. These included varying PVP, KC

and polyethylene concentrations and incorporation of cassava starch. Modification of the method

of production such as drying the hydrogel before irradiation and double irradiation were also tried.

Some of the new formulations of PVP-KC hydrogels resulted in improved tensile strength

of the material upon swelling. Optimum tensile strength was obtained in hydrogels that were dried

prior to iadiation. Double imdiation (i.e. irradiated at 15 kGy, dried and irradiated again at 25

kGy) also improved the tensile strength of the hydrogel. but decreased its swelling property.

Prelim4iary cnical trials showed best results with hydrogels, incorporated with cassava starch and

that were dried before mudiation. Unlike pevious formulations, these hydrogels did not

disintegrate even after 3 days of application.
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2.2. Radiation Dose Indicator
A carrageenan-based radiochromic hydrogel. for use as a visual radiation dose indicator

was developed. Radiation dose indicators (also called go-no-go indicators) are used for process

control in radiation sterilization and food irradiation to distinguish between iradiated and un-

irradiated products. The radiation dose indicator consists of phenol red, an acid sensitive dye, and

pure kappa carrageenan or combination of kappa can-ageenan and water-soluble synthetic

polymers WSP) such as polyvinyl alcohol (PVA), polyvinyl pyrrolidone (PVP) and polyethylene

oxide (PEO).

Color transition occurred at different radiation doses depending on the polymer base used.

For the pure kappa-carrageenan hydrogel, the color change from red to orange occurred at IO kGy.

From 25-50 kGy, the resulting color was yellow. In the presence of sodium hydroxide, color

transition occurred at higher doses.

A color transition at as low as kGy was obtained with a formulation of KC-PEO. The

presence of NaOH again ecited different color transitions. Changes in the formulation of the

polymer base resulted in color transitions at different radiation doses.

3. Studies Using Low Energy Electron Beam
In 2002 a colleape from PNR1 worked at the Takasaki Radiation Chemistry Research

Establishment (TRCRE), under the nuclear researcher exchange program of the Japan Ministry of

Education, Culture, Sports, Science and Technology (MEXT). Results of studies undertaken on

the degradation of kappa carrageenan by low energy electron accelerator w be reported

separately in Ns workshop.

Again under the nuclear researcher exchange program of MEXT, another colleague from

PNRI is presently assigned at the TRCRE. She will be investigating the preparation of

carrageenan based hydrogels using electron accelerator.

Refferences
I . Dela Rosa, A.M., Abad, L.V., Relieve, L.S., Aranilla, C.T., Pascual, C.L., Radiation-modified

Can-ageenan for Agricultural and Health Care Applications, Final Project Coordinators

Meetin& RAS/8/087 on Radiation Processing of Agrowaste, Bangkok, Thailand, March 18-

20,2002

2. Abad, L.V., Relieve, L.S., Aranilla, C.T., Dela Rosa, A.M., Properties of Radiation-

synthesized PVP-kappa Carrageenan Hydrogel Blends, (accepted for publication, Radiation

Physics and Chemistry, 2003)
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Degradation of Carrageenan by Low Energy Electron Accelerator
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Abstract

Degradation Of K-carrageenan using vessel-type low energy electron accelerator was

investigated. Carrageenan with different molecular weights were obtained from irradiation of

high molecular weight (HMW) and low molecualr weight (LMW) K-carrageenan. Other results

presented were obtained from degradation studies of carrageenan by gamma rays. The decrease

in molecular weight was accompanied by partial desulfation. From comparison of radiation

degradation yield (Gd), it was found that the susceptibility to radiation of the three types of

carrageenans in aqueous/gel forms follows the order of t->>K- and could have been

influenced b y t heir c onformational s tate. K -Carrageenan with in olecular w eight f c a. I ,000

showed strong growth promotion effect for potato in tissue culture.

Introduction

Carrageenans are sulfated anionic polymers that comprise the main structural polysaccharides of

red seaweed (Rhodophyceae)[1] They are composed of D-galactose units linked alternately with

a 14 and 13 linkages. These sulfated galactans are classified according to the presence of the

3,6 anhydrogalactose on the 4-linked residue and the number and position of the sulfate group.

The repeating units of idealized structure Of K -, and X-carrageenans are shown in Fig. I 

Degraded polysaccharides by enzyme, chemical or radiation have been shown to have important

biological activities 24]. Degradation by radiation can be achieved either by g aninia-ray or
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electron beam. Radiation from low energy electron accelerators do not penetrate deep into the

surface of material compared to gamma rays but it is effective enough in some technological

processes such as radiation vulcanization of natural rubber latex, crosslinking of hydrogel film,

degradation of polysaccharides and sterilization of seeds and granules [5]. This study

demonstrates the use of a 16 liter-vessel type low energy electron accelerator 250 keV, IO mA)

for the degradation of carrageenan. The susceptibility of the three types of carrageenan towards

-03SO CH20H H2CN,, 0

0
0

0 0

OH

kappa-carrageenan OH

-03SO CH20H H2C%,,, 0

0
0

0 0

OH
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radiation degradation in relation to their conformational state will be discussed.

Fig. 1. Idealized structures of the three types of carrageenans

Experimental

Materials Commercial refined Na+ types K 9 t- and X-carrageenans were purchased from Marine

Science Co, Ltd, Japan. type carrageenan was used for low energy electron beam irradiation

and this was obtained from Shemberg Corp. Philippines. The samples were used without further

purification for all the radiation work. The purity of the three types of carrageenan was
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confirmed by their FT-IR characteristic absorption bands corresponding to the presence of

sulfate groups and by gelling capacity.

Low energy electron accelerator irradiation. A self shielded low energy accelerator is used as

the radiation source. The accelerator is assembled in box 175 cm x 199 cm. The length and

width of the beam window are 20 and 6 cm, respectively. 14 L of -carrageenan solution was put

in the cylindrical stainless steel iradiation vessel with a diameter of 29 cm and height of 30.5 cm

and the solution was stirred throughout irradiation. Degradation of carrageenan was carried out

using accelerating energy of 250 kV at beam current.

Gamma irradiation. Powder and aqueous carrageenan rradiated in air at ambient temperature.

To obtain homogenous solution, carrageenans were dissolved in water at 4 concentration by

heating at 80 0C. Upon cooling, K- and t-carrageenan formed hard and weak gel respectively,

without adding any counterions and �.-carrageenan gave a very viscous solution. Irradiation was

carried out using gamma rays from Co-60 source with a dose rate of IO kGy/hr.

Analytical Measurements. Viscosity was measured using Tokimec rotary viscometer at 25'C.

Gel pen-neation chromatographic analyses of the carrageenans were performed on Tosoh

chromatograph equipped with DP-9020 pump, CO-8020 column oven, RI-8020 refractive index

detector and three TSK gel PWXL columns in series (G6000 PWXL, G2500 PWXL and G3000

PWXL). Elution was carried out using 01 M NaNO3 as the mobile phase at a flow rate of 0.5

ml/min. The temperatures of the column and detector were both maintained at 4O'C A

calibration curve was constructed using pullulan and polyethyleneglycol standards. The

carrageenan concentration used was 0.1%. Sulfate content was determined by elemental

analysis of sulfur. Samples were washed with isopropyl alcohol/water mixture to remove the

free sulfates and were dried at 400C in vacuum oven. Analysis of elemental sulfur was

performed using the Perkin Elmer CHNS analyzer 2400II series.

Results and discussion

Molecular weight of carrageenan

Degradation Of K-carrageenan with low energy electron beam (LEEB) have some

limitations compared to gamma-rays. The design of this machine which includes strong agitation

during irradiation facilitates the degradation. Polysaccharides including carrageenan, alginate,

chitosan have molecular weights in the millions and therefore their solutions have extremely
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high viscosity. Futhermore, carrageenan has the unique ability to form gels at even low

concentration. A maximum of 1% concentration can only be prepared from high molecualr

weight (HMW) carrageenan since at concentration higher than 1%, carrageenan forms a weak

gel. It is expected that in order to irradiate carrageenan in high concentration and avoid

formation of gel, low molecuaIr weight (LWM) carrageenan must be used. Fig. 2 describes the

preparation of LWM carageenan by gamma-irradiation in solid state. Enclosed in parenthesis are

weight-average molecular weight (Mw). Fig. 2 reveals that even if the K-carrageenan has been

degraded to 100 kGy, only 3 can be prepared since it gave a weak gel above 3. his is either

due t o the p resence o f double h elix s tructure o f carrageenan in solid s tate w hch can t olerate

glycosidic cleavage without the same decrease in viscosity as in random coil polymer or to the

fact that the molecular weight is systematically larger for helix conformation 6]. Due to this

conformational structure of K-carrageenan at low temperature, K-carrageenan was irradiated at

elevated temperature and a maximum concentration of 5% was prepared from HMW. It will be

shown in later discussion that irradiation at elevated temperature may be favorable for

degradation. T he n umber- a nd w eight- a verage molecular weight 0 f K -carrageenan obtained

from LEEB irradiation of LMW and HMW is given in Table 1. As shown in Table 1, K-

carrageenan h as weight-average molecular weight (Mw) o f 14,097 after 9 in ins by t wo-step

degradation while 6688 was obtained in the irradiation by one-step. This clearly shows that

even with limited penetration, LEEB irradiation can reduce the molecular weight of

polysaccharides to oligomeric size. However a broad molecular weight distribution (MWD) was

obtained after 10 min for HMW. Thus, irradiation by LEEB is heteregenous in the initial stage.

Since LMW was prepared by gamma-irradiation in solid state prior to LEEB a narrower MWD

was obtained.

Table 1. Molecular weight Of K-carrageenan at different irradiation time by low energy electron
beam 250 kV, mA)

Irradiation time LMW (two-step) HMW (one-step)

(min) Mw Mn Mw/Mn Mw Mn Mw/Mn

0 104813 42295 2.43 986917 221680 4.45
5 92553 36055 2.57 290819 42553 6.83
10 68028 27935 2.43 170056 20991 8.10
20 49113 20232 2.42 50888 11476 4.43
30 39126 16623 236 25552 6985 3.65
60 19147 10091 1.90 9177 3358 2.73
90 14097 8351 1.69 6668 2821 2.36
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Susceptibility of the three types of carrageenan

K- and t-carrageenan were irradiated in their gel states while X-carrageenan in solution. It

is well known that gelation of carrageenan is based on the formation of double helix. Small

angle X-ray scattering showed that gelation of -carrageenan involved the association of two or

three double helices and i-carrageenan gelation involved the transition f rom single to double

helix without or less association 7]. The absence of the anhydrogalactose inhibits double helix

formation thus )-carrageenan does not undergo conformational ordering [�]. Therefore, -

carrageenan adopts a random coil conformation in solution while and i.- carrageenan gels are

stable as helices. The degradation of the three types of carrageenan under gamma ray irradiation

in terms of change in viscosity and molecular weight is shown in Figs. 3a and 3b. Fig. 3a may

indicate macroscopically the strong association of helices in the -carrageenan system. The gel

structure Of K-carrageenan was not broken until 30 kGy. As a result, viscosity at 250C below 0

kGy could not be measured whereas get of t-carrageenan was broken down easily at kGy As

seen in Fig 3b a higher dose is needed to degrade r,-carrageenan. The radiation yields of

degradation of carrageenans, Gd were calculated using the Charlesby-Pirmer equation 9]. The

results obtained were summarized in Table 2.

Table 2 Radiation yield of degradation of carrageenan irradiated in 4 aqueous gel and solution

K -carrageenan t -carrageenan X -carrageenan

Gd 8 12 13

These differences in response to radiation can be explained by the influence of their

conformational properties. The helix structure of i-carrageenan may have dissociated to single

strand with chain scission. On the other hand, K-carrageenan retained the association of helices

and the presence of stronger intermolecular association of helices in K-carrageenan make it less

susceptible towards degradation compared to the other two types. Though conformational

ordering took place in -carrageenan, it was found to be as susceptible as X-carrageenan to

radiation. Comparing these data to the results obtained with the acid hydrolysis of carrageenans,

it was found that activation energy for r,-carrageenan increased from 120 to 190 U/mol upon

conformational ordering whereas for t-carrageenan the activation energy is 135 U/mol in both

conformational. states 101. These findings suggest that irradiation of carrageenan in the random

coil state or in gel with less association of helices is favorable to degradation. K-carrageenan can

only assume a random coil state at higher temperature, thus irradiation at elevated temperature

may lower the dose required to degrade K-carrageenan compared in the gel state.
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Fig 2. Molecular weight Of K-carrageenan irradiated in solid and aqueous
forms at various iradiation doses
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Fig 3. Changes in a) viscosity and b) molecular weight of carrageenans
with gamma-irradiation dose in 4 aqueous gel
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Radiation-induced desu�ration

The degradation of polysaccharides like alginate, pectin and chitosan by radiation is

accompanied by some chemical changes. These changes arise from the rearrangement of radical

to form a stable product after chain scission as proposed in the degradation of alginate and pectin

[I 112]. A number of studies have established that biological activities of carragee .nan oligomer

depends significantly on the presence of sulfate group. Thus, it is important to determine if

sulfate groups are removed by radiation and how much sulfate was removed. Fig. 4 presents the

decrease in degree of sulfation of carrageenan with various irradiation doses. Desulfation (loss

of sulfate) ceased after 10 kGy as the sulfate content remained constarit throughout the

degradation. About 90%, 83% and 71% of the sulfate remained in the irradiated K-, t- and

carrageenan, respectively. This finding suggests that the SLIffate groups are not preferentially or

selectively removed i.e. the 4-0-sulfate, 2-0-sulfate and 6-0-sulfate groups are equally
ible to radiol ic cleavage. Acid hydrolysis of i.- and K-carrageenan and chondroitin

suscepti Yt

sulfate were also observed to undergo significant desulfation 3 14].
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Fig. 4 Effect of gamma irradiation on the sulfate content of carrageenan
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Plant growth promotion effect on potato in tissue culture

The plant growth promotion effect of the obtained oligomer from K-carrageenan was

investigated on potato using tissue cultural technique wherein carrageenan was supplemented in

the cultural medium. It is shown in Fig that carrageenan prepared by irradiation at %

concentration with a dose of 30 kGy gave the highest effect on the growth of potato in tissue

culture. The biomass and shoot height increased significantly compared to the control while no

significant effect on the root length. Unirradiated arrageenan evidently inhibited the growth of

potato. The weight-average molecular weight of carrageenan determined by gel penneation

chromatography at 30 kGy was ca. 10,000 and with a Mw/Mn of 14.

160
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O

100

0

80

60

conrol 0 10 20 30 50

Dose kGy)

Fig 5. Growth promotion of potato in tissue culture.

Conclusion

Carrageenan with different molecular weights were obtained by low energy electron

beam degradation. Initial stage of irradiation by LEEB gave a broad molecular weight

distribution. The decrease in molecular weight was accompanied by loss of sulfates in gamma-

irradiation. The conformational state of carrageenan may have a strong influence on their

susceptibility towards radiation degradation. The obtained oligomer from K-carrageenan with

Mw of ca. 10,000 showed strong growth promotion effect for potato in tissue culture.
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Abstract
Graft copolymenzations of acrylarrude and maleic acid onto cassava starch by a

simultaneous irradiation irradiation technique using y-rays as a initiator were carried out. Various
important parameters of total dose, dose rate, monomer-to-cassava starch ratio and maleic acid
content were studied. Addition of 2 ww-' dprotic acid of malelc acid into the' reaction mixture
yields a saponified starch graft copolymer with a water absorption in distilled water as high as 2256g
g -1 of its di-led weight. The water absorption of these saponified graft copolymers isaline and
buffer S11.1tions was also measured. The water absorption depends largely on the cationic type and
concentration of these solutions in terms of ionic strength. This research explains a charge transfer
mechanism for graft copolymerization of maleic acid and acrylamide onto cassava starch, and
describes te influential parameters that affect grafting effeclency and water absorption.

Keywords: y-irradiation: Cassava starch; Maleic acid

1. Introduction
During te last two decades, hydrogel research has made remarkable progress owing to the

strenuous efforts by researchers from many different fields. Hydrogel is used for agricultural
purposes as retainers of water and solutes. The gels keep the materials moist but absorb unnecessary
excess water and are usefii] for efficient transportation and storage. Soft contact lenses, artificial
lenses, artificial vitreous, and materials used in plastic surgery are made of hydrogel. Hydrogel is
also used in control delivery systems for drugs and perfumes (1). Disposable diapers and sanitary
napkins use hydrogel as a superabsorbent polymer. About 90% of all superabsorbent materials are
used in disposable articles. As most of them are disposed of landfills or by incineration, there is a
perceived environmental problem with superabsorbent polymers. Use of starch as an extender and
replacement of synthetic polymers is currently an active research area. Incorporation of starch into
other synthetic polymers not only reduces our dependence on petrochemical-derived monomers but
also provides materials in which the starch portion can biodegrade rapidly in the environment. In the
present article, we investigate the synthesis method and property characterization of saponified
cassava starch grafted poly(acrylamide-co-(maleic acid)) superabsorbent, emphasizing the
additional effect of a small amount of maleic acid on water absorption.

2. Experimental
2.1 Materials

Cassava starch containing 13.5% moisture was provided by Thai Wah Co., Lid, (Bangkok,
Thailand), acrylarride (AM) from Slam Resin and Chemical Co.,Ltd, (Bangkok, Thailand), and they
were all used as received. Methanol, commercial grade from BDH (Poole, England) was purified
by fractional distillation at atmospheric pressure. Boric acid (analar grade) was also obtained from
BDH (Poole, England). Malelc acid (MA), hydrochloric acid, sodium chloride, magnesium chloride
and th-sodluni phosphate (analytical grade) were all obtained from Merck Darmstadt, Germany).
Calcium chloride and citric acid were pruchased from Carlo Erba (Milan, Italy). Potassium
hydroxide obtained from J.T. Baker (Phillipsburg, USA.) was used as received. A Cobalt 60
source, Gainnia Beam 650 of 42,750 Ci was from Nordian Interriationa Inc., Toronto Canada.

- 166 -



JAERI-Conf 2004-007

2.2 Procedure
Graft copolymerization of AM and MA onto cassava starch by y-irradiation was carried out

as folows:
2.2.1. Gelatinization of cassava starch

Cassava starch (10g) was mixed with 200 CM3 of distilled water in a 00 CM3 reaction flask.

The mixture was stirred at 400 rpm and heated at around 85 ± 3 C for I h to form a paste-like
slurry.

2.2.2. Graft copolymerization of acrylamide and maleic acid onto cassava starch by
simultaneous irradiation

The gelatinized starch was then cooled to room temperature, Acrylamide 20 g) and 2 w
W, I rnaleic acid (based on the total weight of acrylamide) were added into the gelatinized starch.
The mixture was stirred at 400 rpm at room temperature for 30 min. The Gelatinized starch mixture
was removed into a 250 cm 3 aluminum tube, the inner wall opf which was covered with aluminum
foil. The tube was closed tightly with the foil and paraffin film, and nitrogen gas was purged ito
the mixture for 20 min. The tube was then irradiated under y-rays according to the desired total
dose and dose rate. The reaction product was washed with distilled water, and separated. It was
dewatered with ethanol and dried in a vacuum oven at 65'C for 24 h.

2.2.3. Effect of monomer-to starch ratio on graft copolymerization
Various aounts of acrylamide, 10, 15, 20, 25 or 30 g (at the monomer-to-starch ratios of

1: , 1.5:1 21 25:1 or 3 1, respectively) and 2 ww-' malelc acid were added to each tube of the
gelatinized starch samples. the reaction mixture was irradiated by y-rays at the optimum total dose
and dose rate. The reaction product was characterized for grafting characteristics and water
absorption.

2.2.4. Effect of total dose and dose rate on graft copolymerization
Various dose rates of 171 4 )4, or I .0 kGy h-' to various total doses of 0.5, 1.0 20 40,

6.0, 8.0, 10.0 , or 12.0 kGy were used to irradiate 20 g of AM, 2 w w-' MA (based on the
acrylarrude concentration) and the gelatinized cassava starchmixtur, in order to observe the effect
on grafting efficiency and water absorption.

2.2.5. Effect of maleic acid concentration on graft copolymerization
Maleic acid of concentrations 0, 1 2 3 4 or 12% w w" were each added to the reaction

mixture of gelatmilrized cassava starch and acrylamide. Each sample was iradiatied to the optimum
total dose and dose rate as mentioned earlier. The effect of the acid additive on grafting behavior
and water absorption was evaluated.

2.3. Characteriztion of the polymers
2.3.1. Identification of functional groups by IR spectroscopy

The infrared spectra of cassava starch, graft cassava starch, and saponified cassava starch
were ied by IR spectroscopy on a FIIR spectrophotorneter using a KBr pellet.

2.3.2. Determination of optimum time and temperature for saponification of acrylamide and
maleic acid moieties

For a series of reaction times at 30, 60 and 90 min, and a series of reaction temperatures at
room temperature, 50 and 75'C a 5% KOH solution was spplied to hydrolyze the starch-g-poly(
acrylamide-co-(maleic acid)) samples, having 2 w w - MA, prepared by a dose rate of 171 kGy h-
Ito the total dose of 60 kGy. The saporified samples were subjected to a determination of nitrogen
content by elemental analysis (CHNS/O analyzer, Perkin Elmer PE 2400 Series II, USA).
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2.3.3. Determination of percentage conversion
The polymer product, usually comprising the graft copolymer and the homopolyrner, was

weighed. The total amount of polymer obtained from the weight of monomer charged was
calculated to yield the percentage conversion.

2.3.4. Removal of homopolymer and free copolymer
The dried product (about 10g) was ground into a powder form. It was stir-red in 1500 cm 3

of distilled water at room temperature for 24 h. The nuxture was centrifuged to separate the graft
copolymer, ten the graft copolymer was washed twice and centrifuged again to obtain the pure
grafted product. The supernatant was precipitated with methanol (a non-solvent), filtered, and dried
in a vacuum oven at 65'C for 24 h. It was weighed to determine the amount of homopolymer and
free copolymer.

2.3.5. Saponification of the graft copolymer
The starch graft copolymer (5 g) was mixed with 125 cm' of 5% potassium hydroxied

Solution I a 0 c' reaction flask. The mixture was stirred gently with a mechanical stirrer at 400
rpril at room tmperature for 90 min. te reaction mixture was washed wth distilled water until pH

7 was achieved. The product was dewatered with methanol and dried at 65'C in the vacuurn oven
for 24 . It a ten ground into a powder form.

2.3.6. Determination of percentage gel content
The dried product (I g) was extracted by water in a Soxhlet extractor for 24 h. then the

solution was separated and precipitated with ethanol, filtered, and dried to a constant weight in the
vacuum oven at 65'C for 24 h. It was weighed to determine the amount of the gel content.

2.3.7. Water absorption capacity in distilled water, sodium chloride, magnesium chloride, and
calcium chloride solutions, and in buffer solutions

Water absorption of the modified starch-g-poly(acryi-amide-co-(maleic acid)) was
determined in distilled water. Similarly, the water absorption of the graft copolymer was detected
under isotonic conditions of 09% w w of sodium chloride, magnesium chloride, and calcium
chloride sluitions.
Buffer solutions of pH 311 were prepared by mixm'g 020 M boric acid, 0.05 M ctric- acid and
O.IOMtn'-sodiumphosphateasdescribedbyShugarandDean(3). Waterabsorptionofthepolymer
in the buffer solutions was carried out as mentioned earlier.

2.3.8. Effect of particle size on water absorption
The cassava starch graft poly(acrylamide-co-(maleic acid)) particles were ground to a
size ranging from 150 to 600 Wn by a mesh sieve classification 30-50 meshes). Their

water absorption was investigated.

2.3.9. Water absorption under load of the copolymer
The test apparatus consists of a plastic cylinder of 26 cm inside diameter, with 100-mesh

wire cloth fastened across the bottom of the cylinder. A piece of filter paper is placed on a wire net
to ensure a good contact of the liquid with the polymer. A sample of saponified cassava starch graft
copolymer 30-50 mesh) weighing I g is loaded into the plastic cell, and different weights (typically
54, 108, 162, 216, and 270 g calibrated for 1 2 3 4 and kPa loads, respectively) are placed on top
of the sample. The weight (in g) of pick-up fluid after 60 I'in under load divided by the weight of
the sample is called an AUL value, which is in g of fluid picked up per gram of the sample (g g-')
(4). Note that on atmospheric pressure equals 1 132 k-Pa.
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Table I
Effect of reaction time and temperature on degree of saponification and water absorption

Temperature and duration of Elemental composition Water absorption (g g-')
saponification C H N
Unsaponified sample 43.956 5.178 11.922 8 ± 6

Room temperature, 30 min 42.855 6.526 10.78 592 ±30
Room temperature, 60 min 41.420 6.055 9.629 1057 ± 21
Room temperature, 90 min 41.194 6.405 9.25 1216 ± 14
50 T, 30 min 37.206 5.691 6.153 934 ±54

50 'C, 60 min 3 ) 7.902 5.692 5.935 946 ±12
50 'C, 90 min 38.003 5.391 5.899 972 ± 28
75 'C, 3 rnin 36.434 5.620 4.905 960 ± 0
75 'C, 60 min 3 )6.664 5.607 4.723 1296 ±41
75 T, 90 min 36.879 5.5 19 4.579 1159 ± 19

3. Results and discussion
3.1. Spectroscopic characterization

The FTIR spectra of te reaction product indicates the presence of cassava starch, cassava
starch-g -poly(acryl-amide-co-(maleic acid)) and saponified cassava starch-g-poly
(acrykarriide-co-(malelc acid)). The results show that the IR spectra of cassava starch-g-poly(acryl-
ami -co-(male'c acid)) before and after the extractions give all the characteristic absorpiton peacks
of cassava starch 3397 cm-' (broad), 2929 cm-' (weak), 1455 cm" (Weak) 1421, 1366 cm-' (weak)
and 10 7 c-' (strong) for the O-H stretching. C-H stretching. C -H bending, 0-H bending and C-O
stretching, respectively) acrylamide 3192 cm-' (broad), 1664 c-' (sharp), 1607 cm-' (weak), 1324
and 1352 cm-' (weak) indicated the N-H stretching, C=O, N-H bending and C-N stretching,
respectively, which are the characteristics of the -CONHi grouF)and additional peaks at 2786 cm-'
(weak)- 1664 cm-' (strong), 1206 cm-' (weak). and 937 cm' (weak) for O-H stretching, C=O
stretching, C-O stretching and 0-H bending of the COOH group contained in maleic acid,
respective Ily. When starch-g-poly(acryi-amide-co-(maleic acid)) was saponified, the stronger peak at
1383 cm- of C=O stretching of the carboxylate ion inducated that acrylamide and maleic acid
moieties have been converted to the acrylate group.

3.2. Effect of saponification time and temperature on degree of saponification
The degree of saponification depends on the reaction tme, temperature, and concentration of

alkaline solution (5). The degree of saponification of starch-g-poly(acryi-amide-co-(maleic acid) is
presented in terms of the nitrogen content and water absorption capacity as shown in Tablel. The
grafted poly(acryi-amide-co-(maleic acid)) undergoes an extensive saponification at a longer time
and higher temperature. The arrude groups on the grafted poly(acryl-amide-co-(maleic acid)) Chains
change to the carboxylate groups through the following chemical reaction (Reaction (1)).

KOH
H2-C H2 - C CHT- CH

I I I
C C X

NH2 NH2 �-K+

(1)
From Table 1, the eater absorption increases with increasing degree of saponification oup to a
nitrogen content of 9.25%. Thereafter, water absorption did not increase until the percentage
nitrogen content was 47% At low degrees of saponification, the number of carboxyl groups is very
low and radnornly distributed, so any hydrogen bonds formed are unable to sustain a stable
Intramolecular complex. At a higer degree of saponification, an increase in the number of acid
groups on the acrylamide chain enhances ntramolecular bonding between the amide and acid groups
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of the same olecule. The decrease in water absorption can be attributed to the decreased mobility
of the saponified starch grafted poly (acryi-amide-co-(maleic acid)) chains due to intramolecular
hydrogen bonding 6). It was then concluded that 90 min of saponification at room temperature
would be used in the remainder of the present study.

3.3. Effect of total dose rate on graft copolymerization of AM and NIA on cassava starch
The effects of total dose and dose rate on the grafting of AM and MA on cassava starch are

presented in terms of the conversion of monomer, gel content, homopolymer and free copolymer
formed, grafting efficiency, percentage add-on, and water absorption as shown in Table 2 

We found that for graft copolymerization of Am and NU onto starch at a dose rate of 171
kGy h-', te conversion of the monomer increases with an increasing total dose up to 8 kGy. For a
total dose higher tha 8 kGy, the conversion of the monomer decreases. However, at the dose rates
of 434 ad I .0 kGy h-', te percentage conversion increases wth and increase in the total dose up
to at least 12kGy A increase in the total dose enhances te formation of radicals in the reaction
mixture and ndUces a hgher conversion for both te homopolyrner and the graft copolymer.
However, when te total dose is higher tan kGy at the dose rate of 171 kGy h-', te decrease in
the percentage conversion could be tle cain scission effect of te polymer at a longer reaction time,
Increasing the dose rate slightly reduces the percentage conversion, especiall at a lower total dose

Increasing the dose rate increases tile radical density, and radical recombination can
probably occur. In addition, te effect of high dose rate ehances the degradation of the starch
backbone 7). Wien increasing te total dose, the gel content increases. The gel content is related
to the cross-linking density. A cross-linking reaction of the graft copolymer is formed rapidly during
the initial period of irradiation. Increasing the dose rate reduces the percentage gel content, because
the cross-linking reaction occurs at a lower dose rate of gamma irradiation, but there is molecular
chain scission takes place at a higher dose rate, especially in polysaccharides, The homopolymer
decreases, but the grafting efficiency and the percentage add-on increase when increasing the total
dose. This is because at a higher total dose, many active sites on the starch backbone are produced
and many monomers can diffuse to graft on the starch backbone. However, when the total dose is
higher than 10 kGy at the dose rate of 434 kGy h-1, the percentage add-on is found to decrease. This
could be due to the formation of small fragments of OH and e-,,q to form the homopolymer at the
expense of te graft polymer. When increasing to dose rate at a fixed total dose, the percentage
homopolymer increases and the grafting efficiency and the percentage add-on decrease. Generally, a
lower dose rate produces a higher grafting effclency. he monomer molecules and/or radicals are
available at all active grafting sites on the starch backbones. At a igher dose rate, there are only a
few fTee radicals available to start the graft copolymerization. Most radicals undergo
recombination or U'litiate homopolymenzation (8)

At the total dose of 4 kGy and dose rate of 171 kGy h, the highest water absorption of the
saponified product is obtained. The swelling of the polymer depends on the fine structure of the
polymer network and primarily on the cross-linking density. Mgh water absorption is affected
positively by the percentage add-on grafting eficiency, and conversion. the homopolymer formation
has a strong negative effect on water absorption.

3.4. Effect of monomer-to-starch ratio on graft copolymerization
The effect of the monomer-to-starch ratio on the grafting of AM and MA etc cassava starch

is presented in terms of the conversion of monomer, gel content, homopolymer and free copolymer
formed, grafting efficiency, percentage add-on, and water absorption as shown in Table 3 The
percentage conversion and the percentage gel content increase with as increasing monomer-to-starch
ratio. During the irradiation, a temperature rise was detected. The increase in temperature may lead
to a broader distribution of primary species and thereby an increase in GR values of H, OH or C aq a
decrease Gm values of molecular hydrogen, H2, or H202 (5) and the occurrence of midization, with
usually takes place in the polymerization of acrylamide in a concentrated solution and at high
temperatures or very long reaction times 9). This results in a higher yield and higher cross-linking
formation of polymers when a higher quantity of AM monomer is irradiated. However, the
percentage conversion dose not change when the ratio of the AM/starch ratio is higher than 2 .
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Table 2
Effect of total dose and dose rate on the graft copolymerization of acrylamide and maleic acid onto
cassava starch (DR: dose rate, TD: total dose, Conv: conversion-, Gel: gel content; Homo:
homopolymer, GE: grafting efficiency-, WA: water absorption; AM-to-starch ratio: 2 1; MA= 2 w
w- Iof the acrylamide monomer, italics indicate optimal cases)

DR(dGy h-' ) TD(kGy) Conv(%) Gel(%) Homo(%) .-Add-on(%) GE(%) WA(S S-)
1.71 0.5 80.8 55.7 77.7 40.9 10.5 80 ± 7

1.0 90.8 65.8 66.7 49.9 19.9 866 ±11
2.0 96.6 69.3 48.4 54.6 36.8 1877 ±16
4.0 97.7 77.3 30.8 60.5 57.6 2026 ±18
6.0 98.7 78.9 22.9 60.8 67.2 1216 14
8.0 99.9 81.2 17.8 61.9 74.1 645 5
10.0 98.4 82.3) 16.0 63.2 76.8 661 + 18
12.0 98.5 87.1 14.9 67.9 79.5

620 37

4.34 0.5 68.4 28.7 82.1 26.6 5.4
1.0 86.5 42.2 79.4 31.6 7.6 718 13
2.0 89.8 52.8 70.8 36.6 13.0 748 ±6
4.0 93.0 67.6 45.2 51.3 38.3 1059 ± 9
6.0 94.4 68.0 2*9.7 58.0 57.9 1229 ±9
8.0 96.1 75.7 24.7 59.7 64.6 1357 7
10.0 96.5 76.6 21.4 62.2 69.6 1123 10
12.0 97.4 81.5 18.7 59.1 72.0 941 17

857 7
11.0 0.5 56.3 27.8 88.5 26.7 3.4

1.0 75.6 32.9 83.8 30.1 5.5 608 7
2.0 84.2 45.3 79.0 34.1 8.4 667 ±5
4.0 91.9 45.8 73.9 38.8 12.0 1071 ± 47
6.0 94.6 47.8 57.6 45.6 25.1 1249 ±39
8.0 95.8 59.3 47.3 51.5 36.4 1540 ±22
10.0 96.6 62.3 43.1 54.3 41.8 1887 ± 9
12.0 97.5 64.9 36.4 58.0 50.3 1700 ±17

1690 ±24

The percentage of homopolyrner formed decreases but graftingrfficiency and percentage
add-on increase with increasing the monomer-to-starch ratio, because more monomers can react at
grafting sites in the starch trunk polymer. However, at a high monomer-to-starch ratio, the
percentage homopolymer may not be correctly determined simply by extraction, because a semi-IPN
could be formed, either chemically or physically, with cassava starch. Homopolyrners of PAM
along with ungrafted, free copolymers of AM/MA could be formed 2) and sacrificed the graft
copolymer.

The highest water absorption is detected in the superabsorbent polymer prepared with the
monomer-to-starch ratio of 25-1 resulting in the higher grafting efficiency. However, at a
monomer-to-starch ratio higher than 25: 1, the water absorption somewhat decreased. TI�s may be
due to the higher cross-linking density at a higher monomer concentration. The equilibrium swelling
is nversely related to the cross-linking density (10). The polymer chains are restricted in swelling
by elastic retraction forces of the network. The more the chains separate from each other, the more
stiiffness of the originally coiled polymer chains becomes.
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Table 3
Effect of monomer-to-starch ratio on the graft copolymerization of acrylamide and maleic acid onto
cassava starch (AM/St: acrylamide-to-starch ratio, Conv: conversion-, Gel: gel content, Homo:
homopolymer, GE: grafting efficiency, WA: water absorption; MA=2%
ww of monomer with a dose rate of 171 kGy h-', and a total dose of 40 kGy. Italics indicate the

optimal solution)
AM/St ratio Conv(%) Gel(%) Homo(% Add-on(%) GE(%) WA(g g-')

1:1 80.4 51.0 38.0 32.2 34.5 682 ± 12
1.5A 86.1 57.4 3 13 48.3 51.5 1582 ±30
2:1 97.7 69.3 30.8 60.5 57.6 2026 ± 8
2.5:1 96.6 72.5 24.5 63.2 66.1 2256 ±25
3:1 97.9 74.3 22.4 69.6 70.7 2037 ±21

3.5 Effect of maleic acid content on graft copolymerization
The effect of maleic acid content o starcii-g-poly(acryl-am'de-co-(male'c acid)) prepared

at the dose rate of 191 kGy h-' to te total dose of 40 kGy, the ac�larnide-to-starchl ratio of 25:1
and saponified at room temperature for 90 mn with 5% KOH solution is shown in Table 4 The
increasing aount of maleic acid does ot increase the conversion of the reaction sgnificantly as it
approaches early 100% conversion. The percentage gel content decreases with increasing maleic

'd does ot behave as a cross-finking agent and both monomers prefer to copolymerize as an
ungrafted free copolymer rather than a grafted copolymer onto the starch backbone, indicated by the
decreasing grafting efficiency.

The percentages of the homopolyrner and free copolymer increase when the grafting
efficienc ad percentage add-on decrease. comparing the radical copolymerization of AM(MI -
MA(M2) wth r = 22 and r = ( 1), maleic acid cannot self-polymerize to obtain the
homopolyrner. Thus, the increasing homopolymer content may be from the:,formation of
polyacrylamide or the random copolymerization of AM and MA radicals with the -monomers,
leading to the formation of the ungrafted, free copolymer of AM and MA. The percentage grafting
efficiency and percentage add-on thus decrease could be caused by an increase in these non-grafted
polymers in the solution phase, compared with a heterogeneous phase grafting between the two
monomers with the gelatinized starch.

In aqueous solutions, several characteristic properties have been observed: conformational
transition, a two-stepdissociation process of dicarboxylic groups, binding of counterions, etc. These
properties of maleic acid copolymers are attributed to two factors: (a) a hydrophobic miteraction of
non-polar side chains, and (b) a short-range electrostatic interaction of a pair of nearest-neighbor
carboxylate groups 12,13). The highest water absorption occurs at the quantity of maleic acid of
2% w w" based on the weight of acrylamide. At a lower maleic acid concentration, the water
absorption increases with increasing maleic acid content. Ms could be due to copolymerization
reactions via the charge transfer (CT) complex of a monofunctional acceptor (A) and a donor (D) .
A detailed series of papers has discussed the background theory of the role of CT complexes in
photopolymerization, and in particular their participation in UV curing systems under
photoinitiator-free conditions has been explained 14-16). This CT concept for V grafting has
also been extended to ionizing radiation system 16).

Typical mechanisms for the formation of an excited state DA complex are depicted in
reaction 2)-(4).

Formation of the exciplex type of AD*:
hv

A + D -- Po- A* D -o- D (2)

hv
A + D -* A D �D (3)

Formation of an AD* from a ground state CT:
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A D [A - DI o, ADJ* (4)

The acrylamide, contatining an electron-rich vinyl group as a donor, and the maleic acid becoming
maleic anhydrid on heating and dehydration via irradiation, and containing an electron-poor vinyl
group as an acceptor, interact to yield CT complexes. Then gamma irralation candirectly cause a
grafting reaction of the CT complex, The more energetic ionizing radiation can rupture bonds
indiscriminately in the substrate, solvent, monomer of DA complex to create grafting sites and
initiate polymerization 16). Homopolymer formation may also be observed as a competing reaction
during these grafting processes (Reactions (5) and 6)), where D is the electron-rich donor. A is the
electron-poor acceptor and M is a monomer like acrylamide. Maleic acid itself is also an acceptor
so many residual acide could complex with acrylamide and react as such

D A AAA tA ... DI* ___i R M o RM (5)

RM + nM RMn+1 (6)

The number of hydrophilic groups of poly(acrylamide-co-(maleic acid)) is higher than that
of the vacry ,tol ani'de, so die swelling of starch-g-polyacryianiide is obviously lower than that
ad itio ai, y contains the nialeic acid moiety. However, at the maleic acid content higher than 2 w
w the water absorption decreases. Balpai proposed that the lower water absoTiltion ay be due toI 7) leading to thepredominant role of a lidrophobic caracter of the unionized maleic al
increase in homopolymer ad decreases in grafting efficiency and percentage add-on.

Table 4
Effect of nialeic acid content on the graft copolymerizationof acrviamice and maleic acid on to
cassava starch (MA content: maleic acid content; Conv: converse gel content, Homo:
homopolynier, GE: grafting efficiency; WA: water absorption; Acryl 0-starch ratio= 25:1

- with a dose rate of 171 kGy h", and a total dose of 4.0 kGy. Italics indicate the optimal solution)
- MA(%) Conv(%) Gel(%) Homo(%) Add-on(%) GE(%) WA(g g")

0 95.7 84.2 13.4 67.0 81.2 1679 ± 16
1 96.6 79.9 20.6 65.9 71.7 1637 ± 5
2 96.6 72.5 24.5 63.2 66.1 2256 ±25
3 95.4 71.8 29.1 62.7 60.5 2166 ± 6
4 95.1 71.4 32.5 61.4 56.0 2020 ±12
8 96.4 69.5 39.4 59.1 47.6 1972 10
12 98.4 62.4 45.6 56.5 40.2 1718 9

3.6. Effect of salt solution on water absorption
The highest super absorbent copolymer was selected to test the salt effect in isotonic fluids of 0.9%

ww - I of NaCl, MgCl,, and CaCl 2 solutions. The water absorption decreases due to the ionic strength
(I ) of the salt solution. At a low ionic strength, repulsion is a long-range interaction, and the gel
expands to minimize the repulsion free energy. When the ionic strength rises, the expansion of the
network decreases because of the screening effect of the ionic and the external solution 18). The ionic
strength of the solution depends on both the mobile ions' concentration and their oxidation state. Small
quantities of divalent or trivalent ions can drastically decrease the swelling values. In addition, the
divalent Mg" and Ca" ions may cross-link the gel by salt formation with the carboxylate groups on
adjacent chains or chain segments of the copolymer. Consequently, the cross-linking density of the
network increases 19,20)

3.7. Effect of pH on water absorption
Table 6 shows the influence of the solution pH 3-1 1) on the water absorption capacity of the

synthesized graft copolymer, which has the highest water absorption in distilled water (2256 ± 25g g").
When the pH of the external solution increases beyond 5.0, the ionization of carboxylic groups in the

gel matrix causes a sudden increase in swelling due to increased ion osmotic swelling pressure as well as
chain relaxation resulting from the electrostatic repulsion among carboxylate groups inside the polymer
matrix 16). In addition the maximum extent of swelling is reached at pH 5, this being due to the
complete dissociation of acidic groups of maleic acid at this pH value. the first and second dissociation
constant of maleic acid are PK., = 1.85 and pY, = 606, respectively 21). With futher increases in pH,
the ion swelling pressure begins to drop again. because of the increase in ionic strength of the swelling
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medium, the ion osmotic swelling pressure decreases, which utimately reduces the equilibrium swelling
capacity of the superabsorbent polymer 17).

Table 6
Effect of pH on water absorption

pH of buffer solution Ionic strength (mole-ion dm-1) water absorption (g g
0.0061 67 ± 7

5 0.0134 11 ± 6
8 0.0212 106 ± 3
11 0.0272 83 ± 

I 2 (s(Cifi)), where, I C, and Zi are the ionic strength, the ionic concentration, and the charge on
each individual ion, respectively 17).

3.8 Effect of particle size on water absorption
We used the gravirrietric swelling capacity capacity method to deten-nine the sewilina extent

for collections of small particles-, te additional mass of interparticle, unabsorbed liquid was
included in te swelling rations. The water absorption of te superabsorbent pol mer versus particle
size is shown in Table 7 Water absorption values from this study are t icaly larger than tose
Ntalned wth methods were iterparticle oisture is excluded. The partUe size dstribution of the
sample ad te odulus of the swollen polymer affect the way in wich the liquid drains from the
gel 22).i The absorption increases we te particle size decreases due to the higher amount of
interparticle hquid, because the sall particles have a higher surface area per mass than the larger
particle size at the same quantity.

Table 7
Effect of particle size on water absomtion
Particle size (�tni) Water absorption (g g-)
600 1939 ± 0
300 2226 ±20
180 2527 ±13
150 2653 ±25

3.9. Absorption under load
Superabsorbent polymers in personal care articles must resist deformation and deswelling

under an external load because this ability has been correlated with improved performance in pad
analysis and in diapers. When a unlaxial compression is applied to the seelling polymer particle, it is
forced to change it is shape. The magnitude of the deformation depends on he modulus, which in
turn depends on the initial cross-linking density and extent of swelling.

Fig. I shows the gel swelling versus ap lied compression for seven different maleic acid
contents. When the applied load increases, the atsorbency under load decreases because liquid and
be removed from a swollen superabsorbent get by application of pressure. This deswelling occurs
because the application of pressure to the system causes an increase in its free energy and in the
chemical potential of any species that cah diffluse into or out of the system. The increase in chemical
potential serves as a driving force to expel water for the gel into the surrounding s when the gel is
compressed. The effect of adding pressure to the gel is similar to adding additional cross-links to the
fel.to increase the hyd 'aric pressue i the gel phase and to reduce the maximum swellin$. The
imitation of swelling 2de pressure and the related deswelling behavior are thus related to the

osmotic pressure of the gel, which acts as a polymer solution confined inside a semi-permeable
membrane 23).

The absorben under loading at the higher loads increases with mcreasi�& maleic acid
content ven though Ze equilibrium swelling capacity at zero loading decreases. More rigid gel_h maleic acid content maintain their swelling capacity better under load than doparticles at the hig
particles of the same size distribution for a softer and more deformable gel. Regarding the swelling
time under loading, all the starch-g-poly(acrylamide-co-(maleic acid)) whtout and with 1 2 3 4 
or 12% maleic acid reaches a constant water absorption within 30 min. Actually, the water
absorption under load (AUL) ncreases rapidly at the beginning of the test, increases slightly after
10 min. and becomes constant at 30 min

3.10. Surface morphology of the copolymers
The surface appearance and structure of the saponified graft copolymer of saponified

cassava starch-g-poly(acrylamide-co-(maleic acid)) were observed usin& scanning electron
microscopy (SEM). 1he nucrThotographs taken by the clectro,,microscope of the saponified starch
graft copol iers are show [In igs 25.

S photographs of the saponified starch-g-polyacryi-amide (Fig 2 and saponified starch-
g-poly(acrylarnide-co-(maleic acid)) that ives less water absorption (Fig.3) show that they have a
less porous, Ilon-cellular structure. On the other hand, SEM photographs of saponified starch-g-
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poly(acrylarnide-co-(malei aid)) that has the higher water absorption (fig. 4 show that it has more
pores wth a semi-cellular structure. It is believed that these pores are the regions of water
permeation, i wh the interaction of the hydrophilic groups with water makes the saponified
copolymer a high water absorption material.

Fig 5 shows and SEM potograph of sta-rch-g-poly(acrylamide-co-(maleic acid)) that has a
high percentage gel content and perhaps a igher coss-linking density. A fine network with smaller

ore structures is observed, which could be the result of midization of the acrylamide moiety. The
Pine network structure is one of the reasons for rapid water absorption.

300
275 MA %
250
225-1 MA I%
200->1 MA2%
175-
150-

MA 3%0 125-to
-0 100to MA 4%

7S
50 -*-MA %

25 [- MA 12%

0 2 3 4 5 6

applied load kPa)

Fig. 1. Gel swelling versus the applied compression for seven different maleic acid contents.

(a) (b)

Fig. 2 SENI photograph of the saponified starch-g-polyacr-ylamide (WA 1679 16 g g-1)

4V

(a) (b)

Fig. ):I SEM photograph of the saponified starch-g-poly(acrylamide-co-(maleic acid)) at DR I 0
kGy h to the TD 0.5 kGy WA = 608 ± 7 g g-')
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(a) (b)

Fig. 4 SEM photograph of the saponified starch-g-poly(acrylamide-co-(maleic acid)) at DR 171
kGy h to the TD 40 kGy (WA 2256 25 g g-1)

Fig. 5. SEM photograph showing the cellular structure of the saponified starch-g-poly
(acrylamide-co-(mateic acid)) at the acrylamide-to-starch ratio of 31 (WA = 20378 ± 21 g g-)

4. Conclusions
Radiation grafting copol merization of gelatinized casava starch which acrylamide

monomer in the presence of a sMil amount of dprotic acid of maleic acid was performed. Effects
of the dose rate to various total doses on the graft copolymerization in terms of graftin. g
gerformance and water absorptio were investigated. The addition of a few percent of maleic acid,

ased on te weigh of acrylamide, yielded the optimum grafting efficiency and increased the water
absorption of the resulting superabsorbent polymer. The grafting of the copolymer of acrylamide
and maleic acid onto the starch backbone was proposed to take place via a charge transfer c9mpolex
based on various previous research works on photopolymerization and ionizing radiation. In
addition, analysis and property characterizations of, the aiuonic super-absorbent polymers were
alsocarr'ed out in the areas of liquid absorption in isotonic saline solutions or buffered pH solutions,
and absorption under loading. We have found it as a pH sensitivity, and the samples are affected by
theion'c stren�th of the medium. The morphology of the superabsorbent polymers reveals some
relationships between the porosity, network structure and extent of water absrption.

References
(1) Tanaka T. Phase transitions s. In: Harland RS, Prud'homme RK, editors. Polyelectrolyte

gels: properties, preparatio application, ACS symposium series 480. Washington, DC:
The American Chemical So e Y, 199.1-2

(2) Kiatamjornwomg S, Choms s ul W, Sonsuk M. Radiat Phys Chem 2000;52:413-27.
(2) Shgar GJ, Dean DA. The chemist's ready reference handbook. New York.- McGraw-l-bli, 1990.

p. 28.22-28.25
4) Kellenerger SR. Eur Patent Appl 1989, 339: 461.

N Kiathamjornwong S, Suwanmala PI radiat Phys Chem 1977;50(6):617-24.
6) Maltesh C Somasundaran P. macromolecules 1991;24:5775-8.
7) Kiathamjornwong S, Chvajaremptin J, Nakason C. Radiati Phys Chem 1993;42(1-3):47-52.

�8) Odian G. Principles of polymerization. 3 rd ed. New York: Wiley, 199 . 32-4, 241-3.
(9) Thomas WM. Acrylamide polymers. n: Mark HF, Gaylord NG, edi n yclopedia of

Polymer science and technology, vol. 1. New York: Wiley, 1970. 181-3.
(10) Kiatkamjornwong S, Phunchareon PJ Appl Polyrn Sci 1999;72:T49-1366.
(I )Brandrup J, Immergut EH, editors. Polymer handbook 2nd ed. New York: Wiley, 1975. p. II-

111-46.
(12) Saraydin D, Karadag E. Cetinkaya S, Guven 0. Polym Adv Technol 1995-6-719-26.

- 176 -



JAERI-Conf 2004-007

13) Shimizu T, Minakata A. Polymer 1980;21:1427-32.
84) Jonsson S, Hultgren.J, Sundell PE, Shimose M, Owens J, Voughn K, Hoyle Ce.

Photocopolymerizatio initiated by N-substituted maleimides an delectron donor
olefinco.mbinations. A photoinitiator free UV curable system Proc. Rad Tech Asia'95,
Symposium and Work-shop; 1995, p. 283-95.

15 Lee C. Hall HK Macromolecules 1989;22:21-5
16 Garnett JL. ng L-T, \Viengkhou V. Radiat Phys Chem 1999;56:387-403.hir aiiaSK JDA -,80:2782-9.Ist n Polym Sci 2001
18 C alytical chemistry, 4th ed. New York: Wiley, 1986. p. 108-9
19) Ranby B, Rodehed C. Polyrn Bull 198 15:87-94.
20) Castel D. Richard A, Audebert RJ Appl Polym Sci 1990;39:11-29.
21� Sen M, Kaiitoglu 0, guven 0. Polymer 1999,40:913-7.
22 Cutie SS, Smith PB, reim RE, Gratiarn AT. Analysis and characterization of superabsorbent

mers. In: Buchholz FL, Graham AT, Zitors. Modern superabsorbent polymer1� 1101 p
tec i ogy. Newyork: Wiley, 1998. 149-53.

(23) Buchholz FL. the sutreture and properties of superabsorbent polyac ates. In: Buchhoiz FL,
Graham AT, editors. Modem superabsorbent polymer technology. �ew York: Wiley, 1998. p.
182-90.

- 177



JAERI-Conf 2004-007 JP0450543

5.10 Country Report: Thailand 2)

Development of Electron Beam Facilities for Research and
Applications in Thailand

Thiraphat VILAITHONG
Fast Neutron Research Facility, Chiang Mai University

1. Introduction

Linear accelerators (linac) were introduced into the Kingdom of Thailand almost
twenty years ago. They were installed at major hospitals around the country for radiotherapy.
At present there are 20 medical electron finacs in Thailand (Table 1).

Table I Medical electron linacs in Thailand
Trade Name Max Energy (MeV) Quantity

PHILIPS 20 2
15 2
6 1

SIEMENS 2 1
18 1
14 2
6 5

VARIAN 22 1
20 3
18 1
1 6 1

Three of the new linacs are recently installed at Chiang Mai University Hospital. The
first industrial electron accelerator was commissioned in 1997 for sterilization of medical
products such as doctor gown, pampas etc. for export. It has accelerating voltage in the range
between 1.8 to 24 MeV and power of 10 kW. The second electron accelerator was
introduced in the year 2000 for gemstone enhancement. This one is a 15 MeV � 8. kW
electron linac.

Since 2000 a program to generate electron beams for research and industrial
application has been realized at Chiang Mai University. Both high 10-30 MeV) and low
(300 keV) energy electron accelerating systems are being explored. Here we describe the
present development status and near future applications.

2. Suriya a national facility for fenito science and technology

Presently, a facility, SURIYA, is being installed at the Fast Neutron Research Facility
(FNRF) of the Chiang Mai University to produce ferntosecond electron pulses. A similar
facility, SNSHINE, has been operating at Stanford University (USA). Since this facility had
to be decommissioned in 2002 much of its equipment has been transferred to the FNRF at
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Chiang Mai University. The fenitosecond electron pulse facility consists mainly of a
specialized electron source, called electron microwave gun or short rf-gun and a special
magnet to compress the electron pulse from the rf-gun by a factor of about I 00 to obtain I 0
fs electron pulses or shorter. The facility requires two microwave power sources which have
been obtained from two hospitals in Bangkok and Chiang Mai. Furthermore, as part of a
Royal Golden Jubilee PhD program, a new improved version of an electron rf-gun has been
designed and constructed in Thailand. The specialized magnet, called alpha-magnet has been
built at Chiang Mai University as part of a masters thesis. Other magnets used for electron
beam focusing, called quadrupoles, have been constructed at the FNRF as part of another
masters program.

The facility at the FNRF is designed to reach even shorter electron bunches than the
SUNSHINE facility at Stanford. This is mainly due to the new electron rf-gun design, which
is expected to produce 50 fsnns electron bunches compared to Stanford's 120 fsrms pulses.
Commissioning of the SURIYA facility is expected to occur during the year 2003 (Fig. 1-2).

Production of such short ferntosecond electron pulses provides many opportunities for
research tools which are not available elsewhere. The study of extremely fast processes like
chemical reactions occurring at sub picosecond timescales open up new and exciting ways to
study the dynamics of materials in physics, chemistry and biology. A few possible
applications which can be pursued at SURIYA are:

• Generation of low energy electron pulses for direct application
• Production of coherent, high intensity far infrared radiation
• Generation of ferntosecond x-ray pulses

2.1 Generation of low energy electron pulses for direct application

Fenitosecond electron pulses at low energies of a few MeV have been used by the
recent Nobel Prize Winner A. Zeweil to study the dynamics of chemical transitions. At the
SURIYA facility such fenitosecond electron pulses can be produced at much higher intensity.
It will be possible not only to reproduce such experiments, but also to expand on its
capabilities.

2.2 Production of coherent, high intensity far infrared radiation

When electrons pass though the surface of a metallic foil transition radiation is
emitted. At wavelength equal and longer than the electron pulse length this radiation is
coherent and scales like the square of the number of electrons. At SURIYA coherent
transition radiation is expected within a wavenumber range from cm-' to 200 cm-'. The
intensity is greater by four to eight orders of magnitude compared to conventional black body
sources and by two to three orders of magnitude greater than even synchrotron light sources
(Fig.3). This high intensity allows the probing of chemical and biological samples in dilute
watery solutions which is not possible otherwise. The effectiveness of this radiation together
with Dispersive Fourier Transform Spectroscopy to study, for example, Hydrogen-Bond-
Stretching-Modes in DNA has been demonstrated just recently in the last experiment
performed at the SUNSHINE facility. For the first time DNA molecules could be studied in
dilute solutions rather than in crystalline or dried form. The success of this experiment
stimulated the desire to continue research along this line. A variety of follow-up experiments
are desirable to shed more light on the understanding of DNA and to elucidate what role the
low-frequency vibrations play in biological functions. Such vibrations are biologically
important since they involve motions of large groups of atoms relative to each other. These
motions can be important for conformational transitions associated with biological functions,
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such as the local "melting" (i.e. the separation of the two strands of DNA) of the DNA double
helix during transcription and the transport of molecules and ions through the cellular
membrane by membrane transport proteins. In the near terin the SURIYA facility is the only
radiation source intense enough to study such dynamics.

2.3 Generation of fenitosecond x-ray pulses

Ferntosecond x-ray pulses are of great importance for chemistry and biology because
atomic reactions occur at timescales of less than a picosecond. Ferntosecond x-ray pulses are
required to probe the dynamic of chemical and biological processes. Several methods are
aval'lable to convert ferntosecond electron pulses into equivalent x-ray pulses:

Head-on collision of ferntosecond electron pulses with photons of a laser beam can be
used to produce hard x-rays by the Compton effect. For example, 20 MeV electrons colliding
with photons of a Nd-Yag laser can produce quasimonochromatic x-rays with a photon
energy of about keV.

Another method is by the interaction of electron pulses with dense materials. For
example, an electron passing through a crystal produces hard x-ray radiation by the Smith-
Purcell process. The duration of such x-ray pulses is the same as that of the feintosecond
electron pulses. Other processes, like channeling radiation, crystal undulators or resonant
transition radiation are possible candidates as well. Presently, experiments to establish a
femtosecond x-ray source through the Smith-Purcell process is being pursued at the FNRF.
Other processes are very promising as well and will provide several demanding Masters and
PhD projects.

Femtosecond x-ray pulses are, for example, of interest for pump-probe measurements
of chemical and biological systems. The dynamics of such molecules after excitation by a
pump laser pulse, for example, can be probed by ferntosecond x-ray probing. Similarly, the
dynamics of chemical processes can be probed on a erntosecond time scale.

quadupole rpagnet
experimental station alpha magnet

TR I

linac

rf-gun

Fig. I Schematic diagram of the SURIYA fernto second relativistic electron beam facility
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Fig.2 The SURIYA fenito second relativistic electron beam facility
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Fig.3 Electromagnetic spectra from various sources
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3 A prototype industrial electron linac

A second electron accelerator is being installed at FNRF. It is a 15 years old electron
linac that was donated by Chiang Mal University Hospital. Originally, it was driven by a
klystron to produce 20 MeV electron beam. Fig.4 shows the system installed at the basement
of FNRF. The klystron and modulator will be removed shortly to drive a 30 MeV linac
described in section 2 Since this linac will be used as a prototype for a trial experiment in
food irradiation, it is decided to operate the linac at 10 MeV beam energy. A magnetron
driven system is being explored to generate a 10 MeV I kW electron beam. Fig.5
illustrates a conceptual design of a prototype electron linac. It funding is approved the new
machine will be commissioned by the end of 2004. It is expected that several industries will
be able to make a test production. These include food, gemstone, rubber wood furniture,
electric wire and cable, and heat shrinkable materials.

Fig.4 A 20 MeV electron linac installed at the bestment of FNRF
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Fig.5 Schematic of a prototype 10 MeV electron linac for research and industry

4. A prototype low energy electron beam source

A conceptual design of a high intensity electron beam source has been completed
based on the following technical specifications.

Electron energy 50 to 300 keV
Maximum e- beam current 5,000 A
Pulse width 20 nsec
Repetition rate Hz

Possible applications of such an e-bearn source are as follows;
- high voltage spark investigation in gases, liquids, solid materials
- surface modification, initiation of chemical reactions in gases and vapors
- gas-discharge formation
- bacteria sterilization, water purification
- gemstone identification
- atmospheric discharge
- etc.

The electrical diagram for the model of a high current pulsed electron beam source
used for this project is shown in Fig.6. The circuit of the generator contains sixteen stages,
consisting of low-inductance ceramic capacitors type of DHS 43, each with a total
capacitance of C = 7800 pF. With the help of resistance R and the spark shorting switches D
and P, these sections are connected according to the well-known Marx scheme and are
charged up to the Vo = to 30 kV. The generator is triggered by applying an ignition pulsed
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voltage Vig < I kV on the first discharge gap Po. The low-capacitance capacitors Co type
DHS 24 (Co = 340 pF ), connected with the first three sections through low-impedance
resistors r, serve to "illuminate" the discharge gaps D and ensure stable triggering of
generator in the wide range of Vo.

The simplified mechanical assembly drawing of our model of E-bearn source is
shown in Fig.7. The sealed cylindrical metal chamber is divided in two independently sealed
section; the inner section filled with nitrogen to pressure of up to 6 atm, and an external
section filled with nitrogen to a pressure of 10 atm. The inner section contains all capacitors
and resistors and is connected to the cathode of the vacuum diode by current-carrying busses
and special insulator with distributed metal rings. The external section serves as high voltage
insulator. The cathode-anode space can be varied. The anode is made form titanium foil with
a thickness 12-25 y m. The vacuum in diode is maintained by rotary pumping system only.

The optimum mode operation for the source for different magnitudes of Vo can be
achieved by adjusting the pressure inside the inner section and the cathode-anode distance.
The lifetime of anode de Vends on the electron beam current and other factors and can be
extend up to more than 1 0 shot.

................

..... ......

P R

Fig.6 Electrical diagram of the high intensity pulsed electron beam source.

nAS a��

Fig.7 A schematic diagram of the low energy pulsed E-beam source.

5. Summary

At Chiang Mai University, three electron linacs have been installed in the University
Hospital for medical use. A fernto second relativistic electron beam facility is expected to be
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commissed at the end of 2003 A prototype 10 MeV electron linac is being installed for
application in electron beam processing. A conceptual design of apulsed 300 keV electron
beam source has been completed and construction will begin in October 2003. Very soon the
establishment of electron beam facilities for research and application in Thailand will be
realized
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5.11 Country Report: Vietn=

Main Studies Results for Introduction of EB Machine
to Vietnam and for Its Application

TRAN Khac An, NGUYEN Quoc Hien and LE Hai*
Research and Development Center for Radiation Technology,

*Nuclear Research Institute, Vietnam

Abstract

Upon the national program on ulization of EB achine for research and development

purposes and the NCA project on application of electron accelerator, as a counterpart the
Research and Development Center for Radiation Technology VINAGAMMA) is preparing
technical, manpower and financial conditions for introduction of an EB machine for R&D

purposes. The paper offers main studied results in the field of Radiation Processing aimed at
putting applications of EB technology into Vietnarn and studies on selection of EB machine for
R&D purposes in Vietnam.

A. Results of studies related to the uilization of the EB machine

Base on the proposal from Vietnam and Japan at 2nd NCA Coordinator Meeting, 2001 in
Tokyo for a new project on Application of Electron Accelerator" the national program on

introduction of an EB machine for R&D purpose was started since 2002. Vietnam Atomic
Energy Commission VAEC) assigned Research and Development Center for Radiation

Technology as the counterpart of the program.

In order to introduce EB technology into the national economics the studies on abilities of

application of EB machine in the country should be done in advance. In following the previous
applications of gamma radiation several applications that may have higher eectiveness by

using electron beams are continued to study.

The following research and development works have been carried out for the above-
mentioned program:

1. Hydrogel production

The studies on the production of hydrogel materials have been successftdly carried out at
Nuclear Research Institute and at VINAGANUSAA. Two types of the products are hydrogel for
wound dressing and water super-absorbent used in agriculture.
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The product of wound dressing for bum treatment is in the stage of clinic test and waiting

for the production permission. The product of water supper-absorbent is being tested in field. It

is sure that the quality and throughput of the product will be significantly iproved by using

radiation of EB machine.

2. Modification of synthesis polymer by cross-linking and gafting

Radiation cross-linking and grafting are the major research directions to be considered in

the country. The cross-linking of polyethylene, polyamide and mixtures of polyamide with

inorganic compound (MPIQ has been carried out. The obtained results indicated that the

physico-mechanical properties of MPIC have been considerably improved; the modified

materials have been being tested to prepare accessories for boat and ship. The studied results on

radiation modification of polyacrylamide and polyvinyl alcohol indicate that heological

property of the modified polymers was stable at high pressure, temperature and salinity

conditions. These odified polymers can be used to carry out the exploration and recovery of

petroleum oil. In the other hands, the cross-linked and grafted materials have been being used

to immobilize effective microorganism for treatment of wastewater. The research and

application program of radiation-modified materials to treat wastewater of natural rubber

processing have been being developed. The above-mentioned studies will be carried out on EB

in the future.

3. Degradation of natural polymer

The studies on ulization of the resource of natural polymer such as carrageenan, alginate

from seaweed and chitin/ chitosan from shrimp shells, etc. have got success in aspects of

research and development. At present, two types of products namely plant promoters T&D-

4DD, T&D-20WP and plant protectors OLICIDE-9DD, OLICIDE I WP have been developed

and commercialized. The experiment in Japan which using low energy EB machine for

irradiation liquids is a good argument to show the ability of EB application. The above-

mentioned productions are expected to be made by using EB in the near future at

viNAGAmmA.

B. Studies on selection of an EB machine

As the selection of an EB machine is based on the several factors such as the objectives of

the utilization of EB machine, types of product would be expected to be iadiated by EB

radiation, flexibility of a selected configuration of EB facility which would be fit for various

purposes of EB application, etc., the following studies have been carried out to get an approach
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of the selection of a right EB facility for the development of the radiation processing field in
Vietnam:

I Objectives of the EB utilization

The objectives of the EB utilization are as follows:

- Studying degradation of some natural polymers to get some products used in health care
and agriculture.

- Indigenizing the technology of production of heat-shrinkable materials.

- Studying and producing biodegradable materials used in foodstuff and agriculture.

2. Type of product to be iadiated by EB facility

It is clear that each type of product requires a special design in EB facility as well as its

accessories such as conveyer, inner gas system, etc. 'Me EB machine intended to be at the

VINAGAMMA could be used for irradiation of some following type of product:

- Liquid type of hydrogel

- Film type of heat-shrinkable and biodegradable materials

- Powder form of naturul polysaccharides

3 .The specification of the proposed EB machine

Based on the conclusions of the national workshop on radiation processing technology (Ho
Chi Minh City, 28h July, 2003 a medium energy EB achine has been proposed. In order to

utilize EB facility following the above mentioned objectives an EB machine should have

energy in the range of from 0.5 to 1.5 MeV and beam current could reach 50 mA. Based on
practical circumstances of the facility utilization, accessories for the EB facility could be

separately procured.

However, a procurement of a low energy EB machine only used for production of the plant
promoters and protectors should be considered if the demand in Vietnam becomes bigger as

well as markets abroad, like Japan, are opened.

C. Conclusion

Although EB machine is not yet in Vietnam a lot of studies has been carried out focusing on

utilization of EB machine. Some products in the stage of commercialization are expected to be

processed by using EB machine and other products should need study in order to utilize EB

machine more effectively.
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Upon the nional program on introduction of an EB machine for R&D purpose an EB

machine is expected to be installed at VINAGAMMA at the end of 2005.
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6. Minutes and Annex
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6.1 MINUTES of
FNCA 2003 Workshop on Application of Electron Accelerator

-Radiation System for Thin Films-
18 - 22 August 2003, Kuala Lumpur, Malaysia

22 August 2003

1. Introduction

This Workshop was sponsored by the Ministry of Education, Culture, Sports,
Science and Technology (MEXT), Japan and hosted by Malaysian Institute for Nuclear
Technology Research (MINT) and Japan Atomic Energy Research Institute (JAERI) It
was held at The Legend Hotel, Kuala Lumpur, Malaysia. The main objective of the
workshop was to discuss status of utilization of electron accelerator for thin films in the
FNCA participating countries and to formulate future program.

This is the third workshop of the FNCA project on Application of Electron
Accelerator. The main objective of the project is to develop new technology using low
energy electron beam (EB) irradiation system, which has a variety of applications and
good safety feature, and to demonstrate its applications. A self-shielded low energy
accelerator system needs an initial investment much lower than a Co-60 facility. Its
operation is simple and safe. The system can be applied in various fields such as
radiation processing, environmental conservation, etc. This project was organized with
the participation of eight FNCA countries.

The Workshop was attended by experts on application of electron accelerator
from the participating countries, i.e., China 2), Indonesia 2), Japan (5), Korea 2),
Malaysia (I 1), Philippines 2), Thailand 2), and Vietnam 2). Annex I shows the list of
participants.

On the first day, a National Executive Management Seminar on Application of
Electron Accelerators was held and attended by 87 participants from industry, university
and research institutes and members of FNCA Workshop. The opening address was
delivered by Mr. Shinya Takeuchi, Director of International Division, MEXT, Japan. Mr.

Takeuchi expressed his thanks to Malaysia, the host country, for the warm welcome and

hospitality rendered to the participants. He mentioned that FNCA has been a valuable

mechanism for cooperation in nuclear applications.
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The seminar was officiated by Dato' Dr. Ahmad Sobri Hj. Hashim, the Director

General of MINT, on behalf of the Minister of Science, Technology and the

Environment, Malaysia. He welcomed all the participants and conveyed the

Government support for the activities of the FNCA. Malaysia considers that FNCA is

one of the fora that have successfully fostered close cooperation aong the countries in

this region, in particular in nuclear & I In closing, he expressed his best wishes for a

successful seminar and renewed his commitment to support FNCA.

A mini exhibition on the application of electron accelerator was held in

conjunction with the seminar. There were I I exhibitors, 4 from Japan, I from Korea and

6 from Malaysia. The exhibition highlighted the potential products for

commercialization, which include sago hydrogel, sago foam, palm oil acrylate resin for

coatings, heat and flame resistance compounds, low energy accelerators for liquid

irradiation and electron bearn machines.

The programme of the national seminar is given in Annex 2.

The FNCA EB workshop was officiated by Dr. Nahrul Khair Alang Md. Rashid,

Deputy Director General (Research and Technology Development), MINT.

Dr. S. Machi, the FNCA Coordinator of Japan, presented the summary report of

FNCA activities in FY2002. He informed that the 3rd Ministerial Meeting was held in

Seoul, Korea on the 31 October 2002 to discuss on "strategy of human resource

development" and "sustainable development and nuclear energy in Asia." This meeting

recommended that the project on the first subject should be initiated under FNCA, and

that a high level meeting be arranged on the second subject. The 4 h Coordinator

Meeting was held in Japan, March 57, 2003. All II projects have been implemented

nearly as planned. The progress of the eleven projects was reported in the meeting.

Dr. T. Kume, JAERI, the project leader of the Application of Electron

Accelerator presented an outline of the FNCA EB Project. He reiterated that the

project's goals are wider application of electron accelerator and implementation of

practical applications for the benefit of the participating countries through information

exchange and joint research work. The activities in the year 2002 were reported.

The workshop consisted of two invited papers, country reports, demonstration of

electron beam processing of thin hydroget films, discussion of future plans and new

activities. The program of the workshop is given in Annex 3.
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2. Invited Papers

Dr. F. Yoshii, JAERI presented a paper entitled "Radiation Crosslinking of

Polymer Materials." Several techniques to introduce crosslinking structure for

degradation type polymers, such as polytetrafluoroethylene (PTFE), biodegradable

aliphatic polyester and polysaccharides were discussed. Radiation crosslinking of

PTFE, polycarbosilane (PCS) and aliphatic polyester and their application were

reported. Some polyfunctional monomers (PFM) like triallyl isocyanurate (TAIC) and

trimethallyisocyanurate (TMAIQ when incorporated at low concentration are effective

for promotion of crosslinking of biodegradable polymers, such as polybutylenesuccinate

(PBS), polycaprolactone (PCL) and poly lactic acid (PLA). Crossfinking is effective to

improve deformation of biodegradable polymer at high temperature. Soil burial test

showed that the irradiated materials retained their biodegradability. Irradiation at

molten state (melting temperature, 340 'Q led to crosslinking structures for PTFE.

Crosslinked PTFE forins transparent film with high abrasion resistant property.

Radiation crosslinked PCS fiber gives high heat resistance silicon carbide (SiQ, which

can be applied in turbine and body of rockets.

Another paper on "Radiation Processing of Sago Starch Film" was presented by

Dr. Kamaruddin Hashim of MINT. Electron beam processing of thin hydrogel film was

carried out by using 200 keV electron accelerator at MNT. The study was focused on

the radiation parameters such as determination of the optimum beam current, voltage of

accelerator, irradiation dosage, thickness of hydrogel and the effects of the density of

polyvinyl alcohol on the crosslinking of the hydrogel. In this study, the thickness of sago

hydrogel used was in the range of 50 to 200 gm. The study revealed that the thickness

of sago hydrogel has significant effect on the crosslinking process of sago hydrogel

especially at low beam current. However, no crosslinking was taken place at 500 Jim

thickness of sago hydrogel when using 200 keV electron accelerator. Beam current 

mA is the optimum beam current for effective crosslinking process of sago hydrogel.

3. Country Reports

A total of country reports on the current status of application of electron

accelerator, especially on thin film/hydrogel, in the participating countries were

presented. The participants had the opportunity to discuss, exchange opinions and share
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their experiences on issues related to radiation processing and utilization of low energy

electron accelerators for thin films/hydroget. The summary of the reports were as

follows:

China

There are two industry demonstration projects under construction in Beijing

and Hangzhou city, with flue gas volume of 305,400 Nm'/h and 630,000 Nm'/h for the

100 MW and 200 MW coal power station respectively. New flue gas treatment method

is optimized in Tsinghua University. There are 30 - 40 EB setup running in industrial

companies to treat shrinkable tube, packaging, coating material, cable, wire,

sterilization, food etc. More than new facilities are to be installed in industry. R&D to

develop I 0 KW - 00 KW high power electron accelerators for flue gas treatment and

other applications are in progress. Another - MV high energy electron accelerator

is being developed to replace 60CO source for sterilization, food, chips etc. which is

supported by company.

Indonesia

There are four EB machines, two for pilot studies (radiation curing of surface

coating and crosslinking of wire and cable) and two commercial EB machines for

precuring of tire. One EB machine is also under construction at BATAN, Yogyakarta.

R&D covered radiation curing of surface coating, radiation crosslinking (PBS, wires

and cables, wound dressing, etc.) and radiation sterilization. Crosslinking of PBS was

conducted in the presence of poly-functional monomers and inorganic materials. The

cross-linking of wire and cable was carried out in cooperation with a cable company. A

PEO-carragenan hydrogel with polyethylene glycol was prepared.

Japan

In studies on radiation processing of polysaccharide derivatives, it was found

that all polysaccharides derivatives such as carboxymethylcellulose (CMC),

methylcellulose and carboxymethylchitosan (CM-chitosan) could be irradiation

crosslinked in paste-like condition. CMC soft hydrogel has been used as mat for

preventing bedsore and as healthcare product. Gel-mat removes body pressure and

circulation of blood during operation is improved. Thus, hydrogel mat could prevent

bedsores. It was found that CM-chitosan hydrogel has anti-microbial activity and is

effective as an absorbent to remove heavy metal. When carboxymethy1chitin CM-
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chitin) and CM-chitosan hydrogel sheets were immersed in copper (11) aqueous

solution, CM-chitin and CM-chitosan adsorbed Cu(II) of 161 mg/g dry gel and 172

mg/g dry gel, respectively. Radiation crosslinked cellulose derivative having phthalate

function was achieved with EB-irradiation at paste-like condition kneaded with alkali

aqueous solution and acetone. The gel absorbed organic solvent such as chloroform and

pyridine.

Korea

Ethylene-l-butene copolymer(EBP) was blended with LDPE to improve the

mechanical properties as the packaging materials. After they were irradiated by electron

beam, their physical properties such as tensile strength, elongation, modulus, peel

strength, DSC, DMA were examined. The results showed that the addition of EBP to

LDPE exerted significant effects on the mechanical properties such as the tensile

strength and peel strength. The addition of EBP led to a maximurn increase in peel

strength of -430%. The addition of 10 - 25 w% EBP in LDPE was sufficient to enhance

the peel strength significantly. Development and clinical test of hydrogels for wound

dressing were undertaken.

Malaysia

Project on electron beam processing of hydrogel film has been carried out

successfully by using low energy 200 keV) electron accelerator. The thickness of 5 -

150 m was selected for this study. For the thickness above 500 gm, a minimum of 0

keV electron accelerator is required. The technology of production of sago starch is in

the process of commercialization.

The study on electron beam treatment of industrial wastewater particularly on

the effluent from the textile industry, is still at infancy. However, for the electron beam

treatment of flue gases, the semi-pilot scale study using 1.0 MeV electron accelerator

voltage and 400 cubic meter. Flue gas generated from diesel generator has been

completed. This technology will be promoted to the power producer in Malaysia.

Philippines

Hydrogels from carrageenan/PVP has been successfully prepared. Clinical trials

of this hydrogels as bum dressing have been done at several hospitals. A pilot scale

plant for the production of hydrogel is expected to be in operation by early 2004.

Clinical trials on KC-PVP hydrogels for bedsores also showed promising results. A
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carrageenan based radiochromic radiation dose indicator was developed.

Degradation of carrageenan using the vessel-type low energy electron

accelerator installed in JAERI-Takasaki was carried out. Carrageenan with different

molecular weights were obtained from irradiation of high and low molecular weight

kappa-carrageenan. Field tests on the use of the degraded carrageenan as plant growth

promoter were initiated with the collaboration of three commercial vegetable growers.

Thailand

Radiation grafting copolymerization of gelatinized cassava starch with

acrylamide monomer in the presence of a small aount of maleic acid was studied. The

addition of a small percent of maleic acid yielded the optimum grafting efficiency and

increased the water absorption of the resulting super absorbent polymer. The water

absorption of the grafted polymer showed to be affected by pH and ionic strength of the

medium. The morphology of the super absorbent polymers reveals some relationships

between the porosity, network structure and extent of water absorption. The resulting

super absorbent polymer is expected as health care products. Chitosan-based composite

wound dressing and hydrogel from silk protein for biornaterial uses are being

developed.

The gamma radiation degraded chitosan was used as plant growth promoter.

This technology for degradation of chitosan has already been transferred to a private

company and the product is in the market for commercial trial.

Three linear electron accelerators have been installed in the Chiang Mai

University Hospital for medical use. A ferntosecond relativistic electron beam facility

will be commissioned at the end of 2003. A prototype 10 MeV electron linac: is being

installed for application in electron beam processing. A conceptual design of a pulsed

300 keV electron beam source has been completed and construction will begin in

October 2003.

Vietnam

Two types of hydrogel, for wound dressing and water super absorbent have been

studied and produced. Degradation of natural polymer such as alginate from seaweed

and chitin/chitosan from shrimp shells, etc. created two new products which are plant

promoter and protector (T&D and OLICIDE). These products have already been

commercialized. By crosslinking and grafting techniques some materials have been

prepared for making accessories for boat and ship, for exploration and recovery of
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petroleum oil and for immobilizing effective microorganism to treat wastewater from

natural rubber processing factories. A study on the selection of an EB machine has

shown that a medium energy (0.5 -1.5 MeV, 20 - 50 mA) EB machine is appropriate for

degradation of some natural polymers, indigenizing the technology of production of

heat-shrinkable materials and producing biodegradable materials used in foodstuff and

agriculture.

4. Demonstration

Crosslinking of thin film from sago, starch polymer blend using the Curetron

(200 keV, 20 mA) and crosslinking of hydrogel for wound dressing and CMC paste-like

sheet using the medium energy 3.0 MeV, 30 n-tA) electron accelerator of MINT were

successfully demonstrated.

Workshop participants were very much impressed with Polymer Technology

Laboratory and pilot scale facilities of MINT, which include polymer processing facility,

flue gas facility and wire/tube handling system for iradiation services.

5. Future Work Plan for 2003 - 2004

China

• Industry demo flue gas project in progress in Beijing (Jingfeng) and commercial

project in Hangzhou City (Enteck)

• Development of 500 kW high power electron accelerator

• Construction of high energy electron accelerator

• Hydrogel will be commercialized

• New EB will be used for cleaning of air for air-conditioner

• There are more than new EB setup

• Speed up cooperation between big institutes and companies

Indonesia

Modification of natural polymers, such as grafting of MMA and hydrophilic

monomers onto cellulose for separation absorbent membrane for Cd ions and

biogradable materials respectively; crosslinking of CMC for hydrogel and
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preparation of chitosan.

Compounding of LDPE and designing irradiation system for heat shrinkable

materials

Crosslinking of PE and PP to improve heat stability

Planning research cooperation among research center, electron accelerator

producers and related rubber industry for prevulcanized natural rubber latex

Fiber-reinforced composite in the form of sheets and panels for building
materials and furniture

Finishing construction and installation of low energy electron accelerator 350

keV, 10 mA) and modification of cooling system of low energy electron

accelerator in the pilot plant

Japan

Further application of cellulose derivatives hydrogel and dry gel

Studies to reduce amount of crosslinker in aliphatic polymers

Purification of water using CM-chitin and CM-chitosan hydrogel

Application of organo gel to absorb organic solvents

Korea

• Crosslinking of PVA fiber for tire cord

• Development of hydrogels for drug delivery system such as insulin and

antibiotics

• Development of hydrogels for leg ulcer and barrier gel for preventing the

adhesion between organ

Development of radiation-curable composite, having nano-particles

Establishment of Radiation Application R&D Center at KAERI

Construction of commercial plant for textile dyeing waste water treatment using

EB

Malaysia

Crosslinking of sago starch hydrogel for wound dressing

Crosslinking of sago starch hydrogel for skin care application

Crosslinking of sago starch for biodegradable foam and films

Development of water soluble chitin and chitosan

Electron beam treatment of textile industrial wastewater
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• Development of radiation curable coating materials from nanoparticles

• Surface finishing of medium density fiber boards

Philippines

• Pilot scale production of carrageenan-PVP hydrogels for wound, bum and bed

sores dressing

• Field test of degraded carrageenan as plant growth promoter

• Application of degraded carrageenan for fruit coating

• Preparation and crosslinking of carrageenan derivatives

Thailand

• Preparation of CM-cassava starch and radiation crosslinking of the starch

derivatives for healthcare and agriculture application

• Study on degradation of chitin and chitosan using low energy electron beam

machine (under MEXT program)

• Development of a 300 keV, I mA. (average) pulsed electron beam

• Commissioning of a IO MeV I kW linear accelerator

• Planning for a 3 MeV, 5 mA. electron accelerator

Vietnam

• Setting up and implementing the IAEA TC project on EB facility and its

application

• Sourcing of funds for an EB machine of the medium energy from IAEA,

Vietnamese government and other sources

• Finalizing the technologies for commercialization of the following products:

wound dressing, water super absorbent and immobilized substances for waste

water treatment

6. Midterm Evaluation of Current Project

A preliminary evaluation of the current project was carried out by the NCA

workshop participants based on the objectives of the project, which are as follows:

9 To develop new technology of using low energy electron accelerator irradiation
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system for liquid, thin film and gases

e To develop and demonstrate its applications

The final evaluation will be carried out during the workshop in 2004.

The workshop expressed their satisfaction on the benefits of FNCA projects to

their own institution and country. To some countries, this project has resulted in the

establishment of a national committee on the application of electron accelerator. This

also has created awareness among the top management of the atomic energy

commission. Efforts are being made by Vietnam, Thailand and Philippines who do not

have electron accelerators to acquire the machine for R&D and commercial use in the

near future. Fellows from these countries have conducted research on the applications of

low energy electron accelerators at JAERI-Takasaki.

The workshop also considered that the projects have been successfully

developed and demonstrated the technology of irradiating liquid samples and thin

hydrogel films using low energy electron accelerator of 250 keV and 200 keV

respectively. The demonstration on electron processing of liquid sample was carried out

in the 2 d workshop in December 2002 at JAERI-Takasaki and the demonstration on

electron beam processing of thin hydrogel film was carried out in the 3d workshop, 1 -

22 August 2003 at MINT, Malaysia.

Many countries expressed the importance of continuing the projects on electron

beam processing of natural polymer and treatment of industrial wastewater.

The workshop commended the activity on public/open seminar as an important

activity to promote the technology to end users. Public/open seminar would continue to

be part of the NCA workshop program.

7. New Activities

The workshop agreed that projects based on natural polymer should be

continued as one of the activities under the FNCA program on the application of

electron accelerator. However, a specific application should be identified and all

members are urged to provide the proposal in the next workshop which to be held in

2004.
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The participants were reminded that cost benefit analysis of radiation technology

need to be looked at closely in making the proposal. In addition the future project

should be market driven whereby direct linkage with end user is recommended.

Many members expressed interest to have a project related to industrial

wastewater treatment. However, members are encouraged to identify carefully the type

of wastewater and to carry out the preliminary experiments in relation to irradiation

dose requirement and the possible conventional-combination treatment to ensure the

treatment process is economically viable.

The workshop plan was discussed and decided that the next workshop will be

held in September 2004 in China. The main topic will be on EB treatment of flue gases.

All member countries are requested to carry out the preliminary survey on the potential

needs of EB treatment of gases in their countries.

The next workshop will discuss possible new project on electron beam for

specific applications focused on natural polymer modification and wastewater treatment

and to formulate a three-year plan ftom 2005.

The participants expressed their sincere gratitude to the organizer and host institute

for a well-organized workshop and for their hospitality.

Annex 1. List of Participants in the 2003 FNCA Workshop on Application of

Electron Accelerator

Annex 2 Program of National Executive Management Seminar on the

Application of Electron Accelerators

Annex 3 Program of the 2003 FNCA Workshop on Application of Electron

Accelerator - Radiation System for Thin Film

Annex 4 Revised 3 years FNCA Program
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6.2 Annex 1: LIST OF PARTICIPANTS

FNCA 2003 WORKSHOP ON APPLICATION OF ELECTRON

ACCELERATOR

- RADIATION SYSTEM FOR THIN FILM

August 18 - 22, 2003,
Legend Hotel, Kuala Lumpur, Malaysia

CHINA

Dr. ZHAN Wenlong,
EB Project Leader of China,
Professor of Physics, Director,
Institute of Modern Physics, Chinese Academy of Science,
363 Nanchang Rd., Lanzhou 730000,
P. R. China
TEL: 86-931-4969213,
FAX: 86-931-8272100
E-mail: zhan�impcas.ac.cn

Dr. Zhiguang WANG,
Professor
Institute of Modern Physics, Chinese Academy of Science,
363 Nanchang Rd., Lanzhou 730000,
P. R. China
TEL: 86-931-4969330,
FAX: 86-931-8272100

E-mail: zhgwang�impras.ac.cn

INDONESIA

Mr. Sugiarto Danu,
EB Project Leader of Indonesia,
Senior Researcher,
Industrial Processing Division,
Center for Research and Dev. of Isotopes and Radiation Technology,
BATAN,
J1. Cinere, Pasar Jumat, P. 0. Box 7002 JKSKL, Jakarta 12070, Indonesia
TEL: 62-21-7690709
FAX: 62-21-7691607

E-mail: sgdnir�yahoo.com
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Mr. Darsono,

Researcher,
Research and Development Center for Advanced Technology,
BATAN
A. Babarsari, P. 0. Box 1008, Yogyakarta,
Indonesia
TEL: 62-274-515435
FAX: 62-274-561824
E-mail: aquariusdus�yahoo.corn

JAPAN

Dr. Tamikazu KUME,

EB Project Leader of Japan,

Deputy Director,

Department of on-Beam-Applied Biology,

Takasaki Radiation Chemistry Research Establishment,

Japan Atomic Energy Research Institute,

1233 Watanuki, Takasaki, 370-1292 Japan

TEL: 81-27-346-9214

FAX: 81-27-346-9688

E-mail: kume�taka.jaeri.go.jp

Mr. Masayuki KASHIWAGI,

Director and General Manager,

Accelerator Division,

Nissin-High Voltage CO., LTD.,

47, Umezu-Takase-Cho, Ukyo-Ku, Kyoto, 615-8686

TEL: 81-75-864-8813

FAX: 81-75-882-1520

E-mail: kasiwagi�nhv.nissin.co.jp

Dr. Fumio YOSHII,

Head,

Environment Functional Materials Laboratory,

Department of Materials Development,

Takasaki Radiation Chemistry Research Establishment,

Japan Atomic Energy Research Institute,

1233 Watanuki, Takasaki, 370-1292 Japan

TEL: 81-27-346-9380

FAX: 81-27-346-9381

E-mail: yoshii�taka.jaeri.go.jp
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Dr. Sueo MACHI,

FNCA Coordinator of Japan,

Senior Managing Director,

Asia Cooperation Center (ACC),

Japan Atomic Industrial Forum (JAIF),

1-2-13 Shiba-Daimon, Minato-Ku, Tokyo, 105-8605 Japan

TEL: 81-3-5777-0753

FAX: 81-3-5777-0757

E-mail: machi(a)eaff.or.op

Mr. Sadami SHIBABE,

Secretariat to FNCA EBWS,

Takasaki Radiation Chemistry Research Establishment,

Japan Atomic Energy Research Institute,

1233 Watanuki, Takasaki, 370-1292 Japan

TEL: 81-27-346-9386

FAX: 81-27-346-9381

E-mail: shibabe�taka.jaeri.go.jp

MEXT

Mr. Shinya TAKEUCHI,

Director for International Nuclear Cooperation,

Atomic Energy Division, Research and Development Bureau,

Ministry of Education, Culture, Sports, Science and Technology,

1-3-2, Kasumigaseki, Chiyoda-Ku, Tokyo, 100-8966 JAPAN

TEL: 81-3-5253-4160

FAX: 81-3-5253-4162

stakeuti�mext.go.jp
KOREA

Dr. Young-Chang NHO,
Principal Researcher,

KAERI,

P. 0. Box 105, Yusong, Taejon, 305-600 Korea

TEL: 82-42-868-8054

FAX: 82-42-868-8055

E-mail: ycnho�kaeri.re.kr
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Dr. Bumsoo HAN

President,

EB-TECH Co., Ltd.

103-6 Munji-dong, Yuseong-gu, Daejeon, Korea 305-380

TEL: 82-42-866-6989

FAX: 82-42-866-6998

E-mail: bshan�eb-tech.com

THE PHILIPPINES

Ms. Estelita G.CABALFIN,
EB Project Leader of The Philippines,

Head,

Irradiation Services, Nuclear Services and Training Div.,

Philippine Nuclear Research Institute,

Commonwealth Ave., Diliman, Quezon City, The Philippines

TEL: 63-2-929-601 Loc 243

FAX: 63-2-920-1646 or 63-2-920-8742

E-mail: egcabalfin�yahoo.com

Ms, Lorna S. RELLEVE,

Senior Science Research Specialist,

Chemistry Research Section, Atomic Research Division,

Philippine Nuclear Research Institute,

Commonwealth Ave., Diliman, Quezon City, The Philippines

TEL: 63-2-929-601 Loc 297

FAX: 63-2-920-1646 or 63-2-920-8742

E-mail: relleveloma�hotmail.com

THAILAND

Dr. Thiraphat VILAITHONG,
EB Project Leader of Thailand,

Professor, Director,

Fast Neutron Research Facility, Department of Physics,

Faculty of Science, Chiang Mai University,
239 HuayKaew St. Chiang Mai, 50200 Thailand

TEL: 66-53-943379

FAX: 66-53-222776

E-mail: chiapat�fnrf.science.cmu.ac.th

Mr. Manit SONSUK,

Senior Nuclear Chemist,

Office of Atoms for Peace,

Vibhavadi Rangsit Road, Chatuchak, Bangkok, 10900 Thailand

TEL: 66-2-562-0122,

FAX: 66-2-561-3013

E-mail: manit(Moaep.go.th
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VIETNAM

Dr. TRAN Khac An,
FNCA EB Project Leader of Viet Nam,
Director,
Research and Development Center for Radiation Technology, VAEC,
Truong Tre, Linh Xuan, Thu Duc, Ho Chi Minh City, Vietnam
TEL: 84-8-897 5922
FAX: 84-8-897 5921

E-mail: vinagamma(a)-hcm.vnn.vn

Mr. LE Hai,
Deputy Head, Radiation Technology Department,
Nuclear Research Institute, VAEC,
01 Nguyen Tu Luc, Dalat, Vietnam
TEL: 84-63-82 2191
FAX: 84-63-82 1107

E-mail: nrigovn�hcm.vnn.vn

MALAYSIA

Dr. Khairul Zaman Hj. Mohd Dahlan,

Director,

Division of Radiation Processing Technology,

MINT
Bangi, 43000 Kajang, Selangor Darul Ehsan, Malaysia
TEL: 603-8925-0510
FAX: 603-8920-2968

E-mail: khairul�mint.gov.my

Mr. Adnan Haji Khalid,

Director,

Division of Planning and International Affairs, MINT
Bangi, 43000 Kajang, Selangor Darul Ehsan, Malaysia
TEL: 603-8925-0510
FAX: 603-8925-2577

E-mail: adnan�mint.gov.my

Dr. Kamaruddin Hashim,
Manager,
Polymer Blend and Composites Groups,
Division of Radiation Processing Technology, MINT,
Bangi, 43000 Kajang, Selangor Darul Ehsan, Malaysia
TEL: 603-8925-051 
FAX: 603-8920-2968

E-mail: KBHashim�mint.gov.my
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Dr. Zulkafli Ghazali,

Manager,

Alurtron, Electron Beam Irradiation Center, MINT,

Bangi, 43000 Kajang, Selangor Darul Ehsan, Malaysia

TEL: 603-8925-0510

FAX: 603-8920-2968

E-mail: zulkafli�mint.gov.my

Dr. Kamarudin Bahari,

Division of Radiation Processing Technology, MINT,
Bangi, 43000 Kajang, Selangor Darul Ehsan, Malaysia

TEL: 603-8925-0510

FAX: 603-8920-2968

E-mail: Kbahari�mint.gov.my

Dr. Nik Ghazali Nik Salleh,

Division of Radiation Processing Technology, MINT,

Bangi, 43000 Kajang, Selangor Darul Ehsan, Malaysia

TEL: 603-8925-0510

FAX: 603-8920-2968

E-mail: Nik Ghazali�mint.gov.my

Ms. Norjanah Mohid,
Division of Radiation Processing Technology, MINT,

Bangi, 43000 Kajang, Selangor Darul Ehsan, Malaysia

TEL: 603-8925-0510

FAX: 603-8920-2968

E-mail: Norjanah�mint.gov.my

Ms. Norzita Yacob,
Division of Radiation Processing Technology, MINT,

Bangi, 43000 Kajang, Selangor Darul Ehsan, Malaysia

TEL: 603-8925-0510

FAX: 603-8920-2968

E-mail: Norzita�mint.gov.my

Ms. Khomsaton Abu Bakar,
Division of Radiation Processing Technology, MINT,

Bangi, 43000 Kajang, Selangor Darul Ehsan, Malaysia

TEL: 603-8925-0510

FAX: 603-8920-2968

E-mail: khomsaton�mint.gov.my

Ms. Sarada dris,
Division of Radiation Processing Technology, MINT,

Bangi, 43000 Kajang, Selangor Darul Ehsan, Malaysia

TEL: 603-8925-0510

FAX: 603-8920-2968

E-mail: sarada�mint.gov.my
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Mr. Sofian Alias,

Division of Radiation Processing Technology, MINT,

Bangi, 43000 Kajang, Selangor Darul Ehsan, Malaysia

TEL: 603-8925-0510

FAX: 603-8920-2968

E-mail: sofian�mint.gov.my

INVITED SPEAKER

Dr. Mohamed Mahmod,

Associate Professor,

Business and Advanced Technology Center,

University Technology Malaysia,

Jalan Semarak, 41000 Kuala Lumpur, Malaysia

TEL: 603-2691-4020

FAX: 603-2691-1294

E-mail: mahmoudeithar�utmkl.utm.my

SECRETARIAT

Ms. Fairuz Suzana bt. Mohd Chachuli

Mr. Abudul Halim Md. Ali

210



JAERI-Conf 2004-007

6.3 Annex 2 Seminar Program

NATIONAL EXECUTIVE MANAGEMENT SEMINAR
ON THE APPLICATIONS OF ELECTRON ACCELERATOR

FNCA 2003 WORKSHOP

18 August 2003

Legend Hotel, Kuala Lumpur, Malaysia

Jointly Organized by:

Malaysian Institute for Nuclear Technology Research (MINT),

Ministry of Education, Culture, Sports, Science and Technology (MEXT), Japan,

and Japan Atomic Energy Research Institute (JAERI)

PROGRAM

MONDAY: 18 - 08 - 2003

08:00 - 09: 00: Registration

09:00 - 09: 1 0: Congratulatory address by Mr. Shinya TAKEUCHI,

Director for International Nuclear Cooperation, Ministry of Education,

Culture, Sports, Science and Technology (MEXT), Japan

09:10 - 09:20: Opening address by Y. Bhg. Dato' Dr. Ahmad Sobri Hj. Hashim,

Director General, Malaysian Institute for Nuclear Technology Research

(MINT)

09:20 - 10:00: Visit exhibition booths/display

10:00 - 10:30: Tea break

10:30 - 11:15: Keynote speaker - Dr. Sueo MACHI (FNCA)
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"Prospect of radiation processing applications in industry"

1 1: 1 - 11:50: Speaker I - Dr. Khairul Zaman (MINT),

"Electron beam processing technology in Malaysia"

11:50 - 12:30: Speaker 2 - Dr. Tamikazu KUME (JAERI, Japan),

"Radiation processing of natural polymers using low energy electron beam"

12:30 - 14:00: Lunch

14:00 - 14:40: Speaker 3 - Dr. Masayuki KASHIWAGI (NHV, Japan),

"Electron beam processing system"

14:40 - 15:20: Speaker 4 - Dr. Mohamed Malunod (University Technology Malaysia),

"Application of electron beam for preparation of membrane"

15:20 - 16:00: Speaker - Dr. ZHAN Wenlong (Institute of Modem Physics, China),

"Flue gases treatment by electron beam in China"

16:00 - 16:40: Speaker 6 - Dr. Bumsoo HAN (EB Tech., Rep of Korea)

"Electron beam treatment of industrial waste water"

16:40 - Afternoon tea and adjourned
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6.4 Annex 3 Workshop Program

Program for
FNCA 2003 Workshop on Application of Electron Accelerator

- Radiation System for Thin Film -

1 - 22 August 2003, Kuala Lumpur, Malaysia

SEMINAR
MONDAY, 1 - 0 - 2003

WORKSHOP

TUESDAY, 19 - 8 - 2003

09:00 - 09:30 Opening
• Welcoming Remarks by DDG (R&D) MINT

• Election of Chairman and Introduction of Participants
• Briefing and adoption of the Program

09:30 - 10:10 Outline of the project
"Progress of FNCA activities in 2002", Dr. Sueo MACHI (JAIF)
"Outline of FNCA project on application of electron accelerator",

Dr. Tamikazu KUME (JAERI)

10:10 - 10:50 Invited paper 1, Dr. Fumio YOSHII (JAERI),
"Radiation crosslinking of polymer materials"

10: 5 - 11:20 Coffee break
11:20 - 12:00 Invited paper 2 Dr. Hashim KAMARUDDIN (MINT),

"Radiation processing of sago hydrogel thin film by using low energy
electron accelerator"

12:00 - 14:00 Lunch break
14:00 - 16:10 Country reports on irradiation of thin film

Chairperson: Vietnam

China: "Recent status of EB applications in China", WANG Zhiguang

Indonesia: "Application of electron accelerator for thin film in Indonesia",
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Mr. Sugiarto DANU

0 Japan: "Radiation Processing of Polysaccharide Derivatives -- Film treatment -
Dr. Furnio YOSHII

0 Korea: "Physical properties of LDPE/ ethylene I -butene copolymer film
irradiated by electron beam", Dr. Young-Chang NHO

0 The Philippines: "Radiation processing of thin films in The Philippines",
Ms. Estelita CABALFIN and Ms. Loma RELLEVE

0 Thailand: "Synthesis and property characterization of cassava starch grafted
Poly [acrylamide-co-(maleic acid)] super absorbent via gamma radiation",

Mr. Manit SONSUK

0 Vietnam: "Main studied results for introduction of EB machine into Vietnam
and for its application", Dr. Tran Khac An and Mr. Le Hai

a Malaysia: "The application of elctron accelerator: liquid, thinfilm and gases" by

Dr. KHARUL ZAMAN

16:10 - 16:40 Tea break

16:40 - 17:30 Discussion on the Progress of On-Going Projects

Chairperson: China

WEDNESDAY, 20 - - 2003

08:00 Depart for MINT, Dengkil

09:00 Technical Visit & Demonstration
o Electron beam facility, EPS3000 (ALURTRON)
o Polymer processing and Testing Polymer Technology)

o Demonstration, using Curetron, 200 keV for processing of thin hydrogel

fihn

13:00 - 14:30 Lunch

14:30 Visit rubber plantation, Putrajaya and depart for hotel

THURSDAY, 21 - 8 - 2003

09:00 - 10:30 Discussion on Future Work Plan

Chairperson: Korea

Japan
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• China

• Indonesia

• Korea

• Malaysia

• The Philippines

• Thailand

• Vietnarn

10:30- 11:00 Coffee break

11:00 - 12:30 Continue discussion on Future Work Plan

Chairperson: Thailand

12:30 - 14:00 Lunch

14:00 - 16:00 Roundup discussion (New activities)
Chairperson: Philippines

16:00 - 17:30 General discussion

Chairperson: Malaysia

FRIDAY, 22 - 08 - 2003

09:00 - 10:30 Discussion on the draft of the Workshop Minutes

Chairperson: Japan
10:30 - I :00 Coffee break

11:0 - 12:00 Adoption of the report and closing

12:00 Lunch
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THREE YEARS PLAN FOR FNCA PROJECT ON APPLICATION OF ELECTRON ACCELERATOR

FY2003 FY2004 FY2005 Remarks

Overall Autumn Mar. Autumn Mar. Autumn Mar.
Schedule 4' FNCA 4rCDM 5" FNCA 5" CDM 6" FNCA 6" CDM

(Japan) (Japan) (Undecided) (Japan) (Undecided) (Undecided)

Participating China, Indonesia, Korea, Malaysia, Philippines, Thailand, Vietnam and Japan (total countries)
Countries 0tQ

Schedule of August 18-22, 2003 September 2004 Undecided 2005
CD

Ws (Malaysia) (China) (Korea) <D
Or-

Main Subject: Thin Film, Main Subject: Gas Main Subject: Wastewater C)
including Membrane, Packaging . Demonstration Test of EB . Demonstration Test of EB
Film and Hydrogel System for Flue Gas System for Wastewater

Contents of 0 Demonstration Test of EB . Study on optimum EB . Study on optimum EB
Ws System for Application Thin Irradiation System Irradiation System

Film . Open Lecture . Open Lecture
• Study on optimum EB

Irradiation System
• Open Lecture

Countries China: gas, Indonesia: liquid, Japan: general, Korea: general, Malaysia: polymer film, Philippines: liquid,
work Plan Thailand: liquid, Vietnam: liquid



7+� (SI) �_ 4� A

ISi *tvftt I UMMwr 2 SI f4ffl - tt,6 T U A5 SlIMA

4 VA 52 li

10 . , -0. E
IL, m H min, h, d IV ^Z 9 p

.1, kg 1012 T

s 1 L

7 A t lo, 4- �j G
K eV 10, X )I M

mol u
cd lo, �7F h

lo, da
;5 7

rad I eV 160218 x 10-J 10-1 c
A -�iT sr I u 1 660 54 x I - kg lo-, -T d

lo-, 9 m
3W Z?S YF I lo-,

*4 Sl�-Alrtt�YJic n
- RO) Si T a� Wjj
E IC J- L * N , X _ io-12 p

Hz I 9 Ff, L 9 7 f

N m-kg/ S2 IO-" 7 a
7 A

7b Al Pa N/m' b
R* AM )�, J N.m. bar

-T 7 F w J/s Gal 1. 5 i t r w to a T i M 5 C M WT
% % C A-s 9 ci f#M*iF.) 1985 i�PJHICk 75. tt,:L, I eV
%t�, VE, RM V W/A R �. I: C I u 0) M I CODA TA 0) 1986

�9 M 77 F F c/V F rad ML I J-, .
R t fj VIA rem, 2. 4 IC ii4 T. F, 7 - A,,

S AN UCDT'�:
Wb V-s 0.1 n-10-"m

4i 7, �i T Wb/rn' I b= 100 fn'= 10- m2
'Y' 1) - H Wb/A 1 bar=O I MI`a� 10'Pa 3. bar�l. JIST-�1e.Lf*0)EEht-,Ab*IA

it 'c I Gal I cm/s'� 10-'m/s'
IL, Irn cd sr

M Ix Im/m, I Ci=3.7xiO11Bq 4. EC%1MfT$,`f0``-CUbar, barn�oI,

a 44 hk Bq S-1 I R=2.58 x 10-'C/kg U FAf+0)10 Oj mmHg;�-,A20t-5�-- 1)
4 Gy J/kg I rad -I cGy = 10-'Gy - rAtj-CL17.
F Sv J/kg I rem= I Sv = OSv

W-10'dyn) kgf 1bf MPa(=10bar) kgf1cm, atm mmHg(Torr) 1bf/in 2(pSi)

1 0.101972 0.224809 1 10.1972 9.86923 7.50062 x 10' 145.038

9.80665 1 2.20462 0.0980665 1 0.967841 735.559 14.2233

4.44822 0.453592 1 0.101325 1.03323 1 760 14.6959
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