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This workshop was co-sponsored by the Ministry of Education, Culture, Sports, Science
and Technology, Japan and the Ministry of Science, Technology and Innovation, Malaysia and
jointly organized by the Japan Atomic Energy Agency and the Malaysian Nuclear Agency. The
main objectives of the workshop were to discuss the commercial status of radiation processing of
natural polymer in the participating countries and to prepare the work plan for the Forum for
Nuclear Cooperation in Asia (FNCA) activities on radiation processing of natural polymer. The
workshop was attended by experts on radiation processing from China, Indonesia, Japan, Korea,
Malaysia, Philippines, Thailand and Vietnam.

The radiation processing of natural polymer is divided into radiation crosslinking and
degradation of polysaccharides. The radiation crosslinking of polysaccharides is mainly used to
prepare hydrogel for healthcare and environment. Several hydrogels were commercialized in
Korea, Japan and Malaysia, respectively. Hydrogels containing chitosan and carrageenan are
currently in trial in China, Indonesia, Philippines and Vietnam. Cassava hydrogel is developing in
Thailand. Radiation degraded chitosan is actually used in Vietnam and China in agriculture and
aquaculture, respectively. Indonesia, Philippines and Thailand are trying in laboratory and pilot
scale as plant growth promoter.

All manuscripts submitted by every speaker were included in the proceedings.
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1.1 Progress in Phase 1 and Outline of Phase 2 of FNCA Industrial Application
Project

Tamikazu Kume
Project Leader of Japan
Takasaki Advanced Radiation Research Institute, Japan Atomic Energy Agency

1. Review of the Activities on Application of Electron Accelerator in Phase 1
1.1 Name of the project:
Application of Electron Accelerator

1.2 Objective of the project:

Objective of the project is to develop new technology of 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. The first project in the field of industry
aims at wider application of electron accelerator and also aims at implementation of practical
application that brings benefit for participating countries through not only the information
exchange but also joint study by taking experimental data.

1.3 Achievement from FY 2001 through FY 2005
a. Specific results and outcomes
a-1) Through the workshop, the experience, data and technical information on the
applications of low energy electron accelerators derived from this project are shared with
other members of the FNCA countries.

a-2) Research collaboration for radiation processing of natural polymers using electron beam
was conducted at JAERI-Takasaki under MEXT program (5) and bilateral cooperation

@)

a-3) The demonstration on liquid sample (degradation of natural polymer), solid
(crosslinking of thin film), gas (flue gas) and wastewater were successfully implemented
at JAERI-Takasaki (2002), MINT (2003), CAEP/Tsinghua University (2004) and KAERI
(2005), respectively.

a-4) Development of new technology:

1) Application of radiation degraded natural polymers such as alginate, chitosan and
carrageenan as plant promoter has been carried out in Indonesia, Japan, Philippines,
Thailand and Vietnam.

2) EB crosslinking of thin film/sheet of agar hydrogel and sago starch hydrogel for wound
dressing and facemask, respectively have been commercialized in Malaysia. In Japan,
EB crosslinked hydrogel has been commercialized using CMC for bed sore and PVA
for wound dressing.

3) EB treatment of flue gases is being commercialized in China and developed at semi-pilot
scale in Malaysia and Korea. Radiation treatment of VOC has been developed at
laboratory scale in Japan, China and Korea.
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4) EB treatment of textile wastewater is being commercialized in Korea.
a-5) Publications:

1) Four proceedings of workshop were published as JAERI-Conf 2002-013, 2003-016,
2004-007, 2005-005, and another proceeding will be published.

2) More than ten papers were published in the international journal.

b. Specific social and economic impacts
b-1) Open Seminar attended by a large number of participants from industry, university and
research institutes was an important activity in promoting the technology to end users.

b-2) To some countries, this project has resulted in the establishment of a national committee
on the application of electron accelerator. It has also 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.

b-3) List of the irradiation facilities (electron accelerator and Co-60 gamma-ray irradiator)
was prepared and can be found on the website of FNCA.

2. Project on Industrial application (Electron accelerator) Proposed at EB WS 2005, November
2005, Daejeon, Korea
2.1 Backgrounds

e The objective of the project is to develop technology of electron beam (EB) irradiation
system that has a variety of applications and good safety features. A self-shielded low
energy accelerator system needs an initial investment much lower than a Co-60 facility. Its
operation is simple and safe.

e The current project in the field of industry aims at wider application of electron accelerator
and also aims at implementation of practical application to bring benefit to the participating
countries through not only the information exchange but also joint study by taking
experimental data.

e This project should be market driven whereby direct linkage with end user is
recommended.

2.2 Project period
From FY 2006 to FY 2008 (3 years)

2.3 Subjects and participating countries
2.3.1 Radiation degradation of natural polymers
*Agriculture (plant growth promoter):
alginate (Vietnam), chitosan (China, Indonesia, Thailand, Vietnam), carrageenan
(Philippines), etc.
*Medicine and healthcare (anti-cancer, anti-microbial):
chitosan (China, Indonesia, Korea, Malaysia, Thailand, Vietnam), etc.

2.3.2 Radiation modification of polysaccharide and its derivatives
*Hydrogel for wound dressing:
chitosan (China, Vietnam), carrageenan (Indonesia, Philippines), starch (Malaysia,
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Thailand), etc.
*Hydrogel for medical, sanitary use:
CMC (Japan), chitosan with PVA/PVP (Korea, Malaysia)

2.3.3 Radiation treatment of wastewater
China, Japan, Korea, Malaysia, Philippines, Vietnam

2.4 Objectives of project
1) To conduct joint comparative study on the proposed activities with regard to EB and
gamma-rays
2) To analyze the advantages of the products and processing
3) To evaluate cost benefit of radiation technology in collaboration with end users

2.5 Work plan
1) Comparison of the effect on natural polymers and evaluation of the data obtained with
y-rays, high energy electron beams (HEB) and low energy electron beams (LEB)
2) Study on wastewater treatment for interested chemicals
3) Cost estimation and evaluation of the process and products
4) Establishment of working group in each member country
5) Technology transfer to the end users

2.6 Available electron beam facilities
1) Electron Accelerator in Japan (250 keV, 10 mA and 2 MeV, 25 mA)
2) Electron Accelerator in Malaysia (200 keV, 20 mA, 3 MeV, 30 mA and 1 MeV, 40 mA)
3) Electron Accelerator in Korea (10 MeV, 1 mA, 1 MeV, 400 mA and 1 MeV, 50 mA)
4) Electron Accelerator in Indonesia (300 keV, 50 mA, 350 keV, 10 mA and 2 MeV, 10 mA)

2.7 Expected output
1) Specify the benefit of EB treatment and processing of natural polymer and wastewater
2) Increase the number of the EB equipments in each member country
3) Develop new value added products for commercial application using EB
4) Transfer the technology to end user

3. Conclusion of the 7th FNCA Coordinators Meeting on Industrial application (Electron
Accelerator), March 2006, Tokyo, Japan
a. Dr. Tamikazu Kume, Project Leader of Japan, made a presentation on the progress and
achievements of the project. He reported on the successful workshops and demonstrations
on the application of low energy electron accelerator for liquid natural polymers (Japan),
thin films (Malaysia), flue gas treatment (China) and wastewater treatment (Korea) and
major outcomes of the project in the participating countries.

b. He also reported that based on the good results of the project, it is proposed that it will be
continued for three more years under the second phase (2006 ~ 2008) with the emphasis
on radiation degradation of natural polymers, radiation crosslinking of natural polymers
and radiation treatment of wastewater.

c. Dr. Machi made his presentation on the evaluation of the project. He noted that the project
had made great achievements, and proposed to extend it for two more years only. He
proposed that the feasibility study on economic aspects should be carried out in the second
year. He also commented that it is important to make linkage with end-users in order to
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achieve the desired goal for industrial and commercial applications of the project.

d. He also mentioned that for the next phase of the project, it is not limited only to the
application of low energy electron accelerator as it will include also high energy EB as
well as gamma rays. It is also expected that economic comparison studies between gamma
ray facility and EB facility will also be carried out.

e. All the participating countries had expressed their satisfaction on the achievements and
supported the continuation of the project for two more years.

4. Proposal for Phase 2 and Work Plan in 2006 and 2007
4.1 Name of the project
Application of Electron Accelerator (Phase 2)-Radiation Processing of Natural Polymers-

4.2 Objective of the project
e To specify the advantage of radiation processing of natural polymers
¢ To promote its application for end-users
¢ To develop new technology on radiation processing of natural polymers

4.3 Project period
From FY 2006 to FY 2007 (2 years)

4.4 Subjects and participating countries (Lead country)
4.4.1 Radiation degradation of natural polymers
* Agriculture:
alginate (Vietnam),
chitosan (Indonesia, Thailand, Vietnam),
carrageenan (Philippines), etc.
*Medicine and healthcare:
chitosan (China, Indonesia, Korea, Malaysia, Thailand, Vietnam)

4.4.2 Radiation modification of polysaccharide and its derivatives
*Hydrogel for wound dressing:
chitosan (China, Vietnam),
carrageenan (Indonesia, Philippines)
starch (Malaysia, Thailand)
*Hydrogel for medical, sanitary use:
CMC (Japan)
chitosan with PVA/PVP (Korea, Malaysia)

4.4.3 Other activities
Mission for peer review
Cooperation and allocation of roles between FNCA and RCA
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2.1 Review of Radiation Processing of Natural Polymer

Khairul Zaman
Malaysian Nuclear Agency

Abstract

In recent years, natural polymers are being investigated with renewed interest because of
their abundant quantity and unique characteristics such as inherent biocompatibility,
biodegradability and renewable. It is also known as green polymer. Natural polymers such as
carrageen, alginate, chitin/chitosan and starch are traditionally used in food-based industry. But
now, the applications of natural polymers are being sought in knowledge-driven areas such as
healthcare, agro-technology and industry. Radiation degraded alginates, carrageenan and chitosan
as plant growth promoter and protector have been developed. Radiation degraded chitosan,
carrageenan and starch have also been used together with synthetic polymers for hydrogel
production to be used for wound dressing, skin moisturization and for biodegradable packaging
films and foams. Radiation crosslinking of natural polymer derivatives such as carboxymethyl
chitosan, carboxymethyl starch have been successfully developed in Japan and used for various
applications such as removal of pollutants, removal of waters from livestock excrete as well as for
bedsores protection mat.

1. Introduction

Radiation processing has been extensively used in industry since 50’s. The main sources of
radiation are the electron beam generated from electron accelerator and gamma radiation from
radioactive source, Co-60. Electron accelerators come with a wide range of energy from 80 keV
to 10 MeV. Radiation processing is known as clean and green process that uses neither chemical
initiator, catalyses nor solvent. They are used for variety applications such as curing of thin layer
coatings, crosslinking of polymeric products, to degrade polymer compounds and sterilization of
medical items in big boxes. The thickness and density of the products will determine the type of
energy of the electron accelerator required to perform the process. On the other hand, due to high
penetration of gamma radiation, it is mainly used for the sterilization of medical products and
irradiation of food items that are bulky and packed with high-density products. Currently there are
about 123 gamma irradiation units around the world and 85 % of them are for sterilization
purposes . In Malaysia, we have 4 gamma irradiation industrial plants for sterilization services.
On the other hand, there are more than 900 units electron accelerators around the world and about

6 units are in Malaysia 2.

When polymer material is exposed to radiation at any temperature, under any pressure, and
in any phase (gas, liquid or solid), chemical reaction will occur even in the absence of catalyst or
initiator. Reactive intermediates will be formed either in the form of radicals, or
positive/negatively charge species that subsequently undergo chemical reaction at the molecular
level. The ultimate effects of these reactions can be the formation of oxidized products, grafts,
scission of main chains or crosslinking. The degree of these transformations depends on the
structure of the polymer and the conditions of treatment before, during and after irradiation. Good
controls of all of these processing factors facilitate the modification of polymers by radiation
processing.

Natural polymer such as polysaccharide (cellulose, chitosan, carrageenan, alginate) is
largely available in nature well known radiation degraded. In recent years, natural polymers are
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being investigated with renewed interest because of their abundant quantity and unique
characteristics such as inherent biocompatibility, biodegradability and renewable. It is also known
as green polymer. Natural polymers such as carrageen, alginate, chitin/chitosan and starch are
traditionally used in food-based and few in healthcare industries. But now, the applications of
natural polymers in knowledge-driven areas such as healthcare, agro-technology and industry are
increasing.

2. Radiation Effects on Polysaccharides

Excitation and ionization are the primary events that occur when polymer molecules are
directly exposed to high-energy radiation. That leads to the formation of reactive species called
radicals within the molecular chains of the polymer. Subsequently, these free radicals will
undergo rearrangement or formation of new bonds structure depending on the molecular structure
and conditions of the reactions and irradiation. The ultimate effect of these reactions is the
formation of oxidized products, grafts, crosslinking and scission of main or side chains which is
called degradation. Gamma irradiation of polysaccharide powder leads to the degradation of these
compounds accompanied by decomposition of the pyranose ring and formation of compounds
with carbonyl and carboxy groups, as well as formation of hydrogen, carbon dioxide, and carbon
monoxide *. The efficiency of degradation increases considerably with temperature and depends
on the structure of the polysaccharide and the nature of its constituents.

High energy radiation has been shown to be effective in reducing the molecular weight of
starch, alginate, chitosan and carrageenan *~®. In aqueous solution of polysaccharides and its
derivatives (conc, <10 %), hydroxyl radicals have been shown to react predominantly with the
polysaccharides by H abstraction at a rate of reaction ~ 10> M's™ and to cause the breakdown at
the glucosidic chain. Hydrated electron has been shown to react with CM-chitin and CM-chitosan
but at lower rate, ~ 10’ M's™ "9 In the radiation chemistry of polysaccharides, the scission of
glycosidic linkage is the most dominant process as it leads to the reduction of their molecular
weight as shown in Figures 1 and 2. In disaccharides and polymeric carbohydrates, the ether type
radicals such as 1 and 2 have the radical site proximate to the glycosidic linkage and therefore
play a major role in scission.

CH,OH CHOH CHOH COH
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Fig. 1 Formation of glucosidic radicals
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Fig. 2 Basic transformations of glucosidic bond-scission
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Radiation degradation of polysaccharides and its derivatives occurs at solid states and in
aqueous solution with concentration less than 10 % as shown in Figures 3 and 4. However, it was
found that at paste-like form, at the concentration above 10 % and up to 50 %, polysaccharide
derivatives of carboxymethyl (CM) starch or CM-cellulose will undergo radiation crosslinking to
form hydrogel 2~
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Fig. 3 Effect of irradiation dose on viscosity of 10 %  Fig. 4 Molecular weight reduction of
starch gelation in aqueous ” irradiated chitosan in solid state and in

; 11
aqueous solution and 4 % conc. '?

Gel strength that indicates radiation crosslinking density of the hydrogel will increase as the
concentration of CMS and CMC increases as shown in Figures 5 and 6. The degree of
substitution (DS) of water-soluble polymer, CMS or CMC has influenced on radiation
crosslinking of the hydrogel. Radiation crosslinking will enhance when the DS is high.
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With this finding, radiation crosslinking hydrogel can be prepared from polysaccharide
derivatives (carboxymethyl polysaccharides) without having to blend with other water-soluble
polymer. Polysaccharide has disadvantages over CM-polysaccharide whereby it degrades upon
irradiation and it has to be blended with other radiation crosslinkable water soluble polymer such
as poly(vinyl alcohol) (PVA), poly(N-vinylpyrrolidone) (PVP) or poly(ethylene oxide) (PEO) to
form hydrogel. However, radiation degraded polysaccharides have direct applications that will be
described later in this paper.

3. Applications of Radiation Processing of Polysaccharides in Agriculture
The oligosaccharides derived from depolymerization of polysaccharides through enzymatic
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hydrolysis have been reported to exhibit growth-stimulating activity like phytohormones that
induce the promotion in germination, shoot and root elongation in variety of plants '>™'7
Radiation degraded polysaccharides also show similar effects as plant growth promoter. Radiation
degraded alginate solution (4 %) at 100 kGy has been shown to significantly enhance the growth
of rice in hydrophonic system '®. They showed that the suitable range of concentration of
degraded alginate was between 20 ~ 100 ppm to impact 15 ~ 60 % weight gain of rice and
peanuts respectively. On the other hand, Tomoda et al. showed that higher concentration, 1,000
ppm of degraded alginate prepared by degradation of enzymatic lyases was required to obtain the
optimum growth-promotion of barley roots.

A similar study has been conducted by Relleve et al., ' using irradiated carrageenan for
rice seedlings under non-circulating hydrophonic condition. The study showed that kappa
carrageenan irradiated at 100 kGy gave maximum weight gained. However, iota carrageenan
exhibited less growth promoting properties than kappa carrageenan and required higher
irradiation dose to degrade at approximately the same molecular weight as kappa carrageenan.
Both of irradiated iota and kappa carrageenan have caused the disappearance of fungi growth on
the roots of rice. In the case of irradiated chitosan (oligochitosan), it has been shown not only
exhibit as plant growth promoter, but also exhibit highly anti-microbial activity. Irradiated
chitosan either in solid state of in aqueous solutions are able to suppress the growth of various
fungi strains and showed higher fungicidal effect than that of non-irradiated chitosan **. It has
been recognized as potent phytoalexin inducer (elicitor) to resist infection of diseases for plants.

Oligochitosan has also been shown to be able to form chelate complexes with metal in
solution such as vanadium (V) that is well known to cause stress to plant. The addition of
irradiated chitosan solution to plant seedlings of rice, wheat, soybean and barley contained VCl;
has able to suppress the absorption and transportation of Vanadium to the leaf from root of the
plants 2V The effects of radiation degraded polysaccharide on the growth promotion of plant is
not well understood. However, radiation degraded polysaccharide can be control to certain size of
molecular weight to produce oligosaccharides that are mobile and easy for uptake by the plant.
Radiation has also been shown does not affect the functional groups of carrageenan (-OSOj’) and
chitosan (-NH,) but instead enhance the anti-microbial activity of the oligosaccharides that
improved the plant resistively towards fungi attacked.

4. Application of Radiation Processing of Polysaccharide for Healthcare

Hydrogels are three dimensional network structures of hydrophilic polymers that swell but
do not dissolve in water. Many materials, both naturally occurring and synthetic can be radiation
crosslinked to form three dimensional network as hydrogels. Hydrogels based on synthetic
polymers include poly(hydroxyalkylmetharylate), poly(acrylamide), PEO, PVP and PVA.
Polysaccharides derivatives such as carboxymethyl (CM) starch, CM-cellulose, CM-chitosan are
some of the examples of natural based polymers that can be radiation crosslinked to form
hydrogels.

Hydrogels have found wide range of bio-medical applications that include wound and burn
dressing, control drug delivery systems, tissue scaffold etc. Hydrogels based on synthetic polymer,
that is radiation crosslinked PVP has been successful developed and used for wound and burn
dressing by Rosiak ** and it has now been commercialized. Since then, several countries in the
Asia and Pacific Region such as India, Vietnam, China, Philippines, Indonesia and Malaysia have
developed the blend of natural polymers with synthetic water soluble polymers that radiation
crosslinked to form hydrogel for wound dressing applications. Japan has developed radiation
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crosslinked synthetic hydrogel made of polyvinyl alcohol as well as radiation crosslinked natural
polymer hydrogel made of CM-starch and CM-cellulose.

In Malaysia, the Malaysian Institute for Nuclear Technology Research (MINT) has
developed radiation crosslinked starch-PVA hydrogel for biogel face mask as well as for wound
dressing. Starch hydrogel for biogel facemask has been commercialized. Figures 7 and 8 showed
the gel strength of hydrogels starch-PVA and starch-PVP respectively. Both results showed
increase in gel strengths with increase in starch and PVA/PVP content up to 10 %. Sufficient gel
strength is required for easy handling of the hydrogel. However, it has to be balanced with the
water content of the hydrogel since the water absorption capacity of hydrogel will drop with the
increasing content of starch as shown in Figures 9 and 10.

0,045 - [—8—5%PVA —B-7.5%PVA —A— 10%PVA | 003 , | ®—5%PVP —M-7.5%PVP —A—10%PVP |
0,04 4
@ 0.035 - g
§ o0s- -
=z £
B 0,025 ] D
8 002 2
= o
1: 0,015 8
9 001
0,005
0+ . T . T T . 0 2 4 8 ] 18 12
L 2 4 6 -8 10 12 Starch coricentratlon, %
Starch concentration, %
Fig 7 Gel strength of starch-PVA blend at Fig 8 Gel strength of starch-PVP blend at
different blend ratio irradiated at 20 kGy ¥ different blend ratio irradiated at 20 kGy*)
2500 - 4000
[-0—5%PVA —8-7.5%PVA —— 10%PVA| 3500 —8—5%PVF —W-7.5%PVP —A—10%PVP |
. t 3000
s
B 1500 .é-
2 g 2000
2 1000 - 2
2 ]
B ]
2 50 £
sm -
0 T T T L 2 1 o r r - - T
0 2 4 § 8 10 12 i 4 x . 8 9
Starch concentration, % Starch concentration, %
Fig. 9 Water absorption of starch-PVA blend at Fig. 10 Water absorption of starch-PVP blend at
different blend ratio irradiated at 20 kGy ? different blend ratio irradiated at 20 kGy ?

5. Other Applications of Radiation Processing of Natural Polymers

In addition to the above applications, radiation crosslinked hydrogels such as radiation
crosslinked CMS and CMC is now being used for bedsore prevention mat. The bed mat is filled
with soft crosslinked CMC hydrogel. This bed mat is useful for preventing bedsore in particular
for bed-ridden patient and for surgical operation mat *. On the other hand, the CMC hydrogel
waste can be converted into fertilizer by degradation of bacteria in soil. CMC dry gel has also
been used to reduce water content in livestock excrete that contains water up to 85 ~ 90% >, In
conventional process, saw dust is mixed with the excrete at a volume ratio of 1.0 to 1.5 to reduce
water content up to 65 ~ 70 % which subsequently undergo fermentation process. In Japan,
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dumping and outdoor storage of livestock excretes are prohibited. The use of CMC gel together
with saw dust has significantly reduce water content in the excretes and provide easy handling of
the waste for further fermentation process. Biodegradable CMC gel disappears by degradation of
bacteria and water evaporation during fermentation.

To date, convergence of technology is a way forward. Previously, in the viscose process,
radiation processing was used to reduce the molecular weight of the cellulose pulp and followed
by dissolving the cellulose pulp using low concentration of carbon disulphide. Integrating the
radiation technology and biotechnology, cellulose pulp can now be dissolved even without using
toxic carbon disulphide . After electron beam degradation of the cellulose pulp to a desired
level, enzymatic modification is introduced to produce alkali soluble cellulose. Radiation
processing of cellulosic agro-waste materials into substrate for growing mushroom and
subsequently using it as an animal feed is another example of convergence radiation technology
with biotechnology.

6. Conclusion

Radiation processing of natural polymers has been the subject of research by countries in
this region in the past several years. Radiation technology is used to induce modification of
natural polymer and its derivatives either for the reduction of the molecular weight or for
crosslinking to produce three dimensional networks called hydrogels. Radiation technology itself
is a green process and no additional chemical initiator or solvent is used. Products that are
produced have found many applications in agriculture, healthcare and for environment protection.
The challenge now is to fully utilize the technology at the commercial scale in particular for the
environment protection. On the other hand, many new and emerging areas for applications of
radiation processed natural polymer can be developed for pharmaceuticals, biotechnology and
medical industry.
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2.2 Potentiality of processed natural polymers

Seiichi Tokura, Hideaki Nagahama and Hiroshi Tamura
Faculty of Engineering and HRC, Kansai University

1. Introduction

“Biodegradability” is the most predominant characteristics among general polymers
including synthetic polymers and natural polymers have been applied for long time to human life.
But natural polymers have a weak point to putrefy or denature under normal condition against
synthetic polymers which becomes a bottleneck sometime on the recycling of waste materials
from food industries, fisheries and so on. “Gelatin”, for example, has along history on the
application for human life as a natural glue which is extracted from animal skin or bone. But the
striking development of digital camera has induced the remarkable suppression of demand for
gelatin. The reuse of animal skin and bone are the most important processes on the prevention of
environmental pollution.

Chitin and chitosan, one of most abundant natural polysaccharides, are also asked to find
recycling process for life science due to unexpected increase of waste crustacean shells. In the
case of chitosan which is expected to become multifunctional polymers, though alkaline of high
concentration for the preparation of chitosan was concerned to heavy load for environmental
condition V. It is well known that “Crosslinking and “Degradation” are induced by irradiation of
electron beam or radioactive rays at the same time. Though there are many barriers to precise
control of these two phenomena, the regulation technology seems to be asked seriously to
overcome for the practical application of these binary phenomena, crosslinking and degradation
beam irradiation.

2. Antimicrobial Activity of Chitosan

In the case of wound healings by chitin and chitosan, chitin oligomers are effective to the
acceleration of epidermal cell regeneration and chitosan oligomers, on the other hand, accelerate
the recovery of fibroblast cells on wound healing ?. The sustained release of chitin or chitosan
oligomers is expected from the crosslinked chitin or chitosan gel following radioactive irradiation,
when solvated chitin or chitosan is prepared applying non-toxic solvents such as water. We have
succeeded to prepare hydrated chitin * and chitosan slurries applying calcium chloride dehydrate
saturated methanol for the dissolution of chitin followed by extensive rinsing with water and thee
complete removal of acetate salt from chitosan by strong alkaline followed by extensive rinsing
with water. The regeneration of chitin non-woven fabrics with rigid crystalline structure was also
reported applying hydrated chitin slurry. On the antimicrobial activity, chitosan was reported to be

effective to suppress microbial activities .

Antimicrobial activity of chitosan seems to be independent on the cell surface nature. The
antimicrobial activity by chitosan was suggested that there is molecular weight dependency on the
suppression of microbial activity in the case of E. coli. Thus relatively high molecular weight
chitosan oligomer (higher than 9,000) is effective to suppress the bacterial and the lower
molecular weight fraction (less than 2,200) seems to accelerate the bacterial activity probably due
to accumulate chitosan oligomer inside of bacterial cell as nutrition. This hypothesis was
confirmed by application of fluorescent labeled chitosan oligomers. But chitosan oligomer of low
molecular weight fraction was converted to antimicrobial material when chitosan oligomer was
immobilized to another polymers such as protein or synthetic polymers. This observation would
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suggest the conversion of polymeric surface into antimicrobial surface by the immobilization of
chitosan oligomers of low molecular weight through the radioactive or electron beam irradiation.

Chitosan molecule was reported to adsorb hemato-porphyrin-IX (HP) attached by binary
carboxyl residues and then becomes to produce O-radicals on the surface of chitosan molecule
following visible light irradiation *. EB irradiation for the HP-chitosan complex film may be
useful to produce chitosan oligomers of designed size under visible light irradiation as shown in
Figure 1. As di-allyl-chitin was also reported to produce C-radicals by visible light irradiation, EB
irradiation may induce the rigid chitin gel and chitin oligomer with vinyl compounds which are

expected to produce variously branched gel or dendorimers ©.

/lﬁ
,_.:_:_"":-i—:"-'-_'-— s =
@Visible light ~ | HP molecule

yrinduced radicals

@™ Chitosan

Py
CH,C00

Hematoporphyrin IX Chitosan (acetic acid salt)
Fig. 1 Binding of hemato-porphyrin-1X on chitosan

3. Metal Injection Molding

The electron beam (EB) irradiation seems to be attractive to introduce to Metal Injection
Molding (MIM) method, because meal powder mold supported by hard polymeric paste is asked
to prepare before combustion to produce metallic parts ”. The paste made molding is then applied
to combustion at high temperature to produce small parts for aircraft, automobile and so on
(mostly parts for engines). We would like to propose starch, agar-agar (one of algae
polysaccharides) and other homo-polysaccharides as binder to make metal pastes. The reason
why homo-polysaccharides is requested, is environmental factor to maintain environment far
from air-pollution.

Stainless steel with the 17-4PH composition (SUS630) is one of the most widely used MIM
alloys. It is consists of approximately 17% Cr, 4% Ni, 4% Cu, and low concentration of
alloying additions of manganese, silicon, niobium, and tantalum. SUS603 is a martensitic
precipitate hardening stainless steel. When SUS630 is sintered and heat-treated to the H900
condition (aged at 900°F or 482°C), the MIM products typically give yield strength of 1,100 MPa
and ultimate tensile strength of 1,200 MPa. The post-sintering heat treatments allow
manipulation of the strength and ductility of metals, providing a mean to adjust properties to the
application. Because sintering is essentially an annealing process, MIM SUS630 in the as-sintered
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condition has a lower strength. A typical as-sintered SUS630 parts give yield stress of 730 MPa
and ultimate tensile strength of 900 MPa. Avoiding the heat treatment step lowers costs, and in
many applications the as-sintered parts provide satisfactory properties. Fatigue strength and
fracture toughness are also high for MIM parts. For MIM-processed SUS630 stainless steel
delivers a fatigue endurance strength just over 500 MPa. This is 42% of the ultimate tensile
stress, which is comparable to the wrought alloy. It is therefore important to understand the
relationship of sintering conditions and the mechanical properties of stainless steel SUS630 for
further commercialization of MIM technology.

4. Bacterial Cellulose

On the recycle of cellulosic wastes, the production of bacterial cellulose (BC) seems to be
one of major technology applying specific bacteria or enzyme system, though BC is high cost due
to specific substrate and specific condition. But the high cost might become negotiable when BC
membrane or fiber is able to harvest directly from fermentation medium. A shallow pan incubator
was designed to harvest BC membrane and fiber directly from the surface of fermentation
medium as shown in Figure 2 and Figure 3. As seen in these Figures, BC fiber and membrane
were prepared smoothly by wind up roller. EB irradiation might be effective to enforcement of
BC membrane and BC fiber during direct harvest .

EB irradiation for gelatin fine fibers would be the effective process to make gelatin fiber
water insoluble as shown in Figure 4, because the gelatin fiber produced by dry spinning of
gelatin aqueous solution is water soluble ”’. The crosslinked gelatin fiber by EB irradiation would
be possible to apply for biomedical materials, because biocompatibility and biodegradability of
gelatin fiber may be retained even after EB irradiation due to only slight deformation of gelatin
molecule after EB irradiation. Also it may possible to apply crosslinked gelatin fiber for safe
artificial food.

Fig. 2 The wind up of BC fiber bundle directly Fig. 3 Direct wind up of BC membrane from
from medium surface medium surface

As the crosslinking for polymeric food wastes is possible to induce, produced gel would be
useful to apply for afforest plantation, because the water regain property is expected to the
produced gel.

5. Conclusion

The irradiation of natural polymers seems to be the most prominent process to apply them
for life science including waste natural polymers, because application of chemicals is able to



JAEA-Conf 2007-007

reduce to minimum in irradiation method to avoid environmental pollution. The crosslinking
process is available to synthesize complicated functional polymers such as star polymers,
macromer polymerization, dendorimers and so on. A sustained release of biological materials can
also be possible to apply with minimum toxicity, when crosslinking is made by radioactive ray
irradiation for natural polymers.

Without heat treatment Heat treatment 120°C 4.5h

0

Fig 4 Cut surfaces of fish gelatin fiber prepared dry spinning of aqueous gelatin solution
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2.3 Operational & Safety Requirement of Radiation Facility

Zulkafli Ghazali
Malaysia Nuclear Agency

1. Introduction

Gamma and electron irradiation facilities are the most common industrial sources of
ionizing radiation. They have been used for medical, industrial and research purposes since the
1950s. Currently there are more than 160 gamma irradiation facilities and over 600 electron beam
facilities in operation worldwide. These facilities are either used for the sterilization of medical
and pharmaceutical products, the preservation of foodstuffs, polymer synthesis and modification,
or the eradication of insect infestation. Irradiation with electron beam, gamma ray or ultra violet
light can also destroy complex organic contaminants in both liquid and gaseous waste. EB
systems are replacing traditional chemical sterilization methods in the medical supply industry.
The ultra-violet curing facility, however, has found more industrial application in printing and
furniture industries.

Gamma and electron beam facilities produce very high dose rates during irradiation, and
thus there is a potential of accidental exposure in the irradiation chamber which can be lethal
within minutes. Although, the safety record of this industry has been relatively very good, there
have been fatalities recorded in Italy (1975), Norway (1982), El Salvador (1989) and Israel
(1990). Precautions against uncontrolled entry into irradiation chamber must therefore be taken.
This is especially so in the case of gamma irradiation facilities those contain large amounts of
radioactivity. If the mechanism for retracting the source is damaged, the source may remain
exposed. This paper will, to certain extent, describe safety procedure and system being installed at
ALURTRON, Nuclear Malaysia to eliminate accidental exposure of electron beam irradiation.

2. Basic Safety Requirement

Construction of shielding of gamma and electron irradiation facilities has to ensure that
during normal operation radiation exposure of workers will be negligible. It has to also ensure
there is no significant exposure to members of the public. A properly design and constructed
facility can minimize the potential and risk of accidental exposures. Adequate biological shielding
especially the irradiation bunker and entrance interlocks for the facilities are of paramount
important. Equally important is a good radiation protection program with special emphasis on
training and access control such that the one emphasized in The IAEA Basic Safety Standards for
Radiation Protection (BSS).

The operator of the irradiation facilities has to be highly trained and a skillful worker. These
workers should keep themselves updated with new knowledge and advancement of radiation
processing as well as safety matters. At ALURTRON, the operation of the accelerator is managed
by operation unit that is also responsible for the maintenance of the machine. Quality and product
development unit supplement the management and overall operation of the e-beam irradiator.
Poorly paid and non-dedicated operators can pose serious problems to the safe operation of the
irradiators. A motivational program should be introduced to minimize this factor. Figure 1 shows
the organizational structure of ALURTRON. At ALURTRON, a refreshing course is conducted
annually to keep operator updated with regard to safety as well the need to improve the delivery
of services as stipulated in our quality management system.
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Fig. I Organizational structure of ALURTRON

3. Maintenance and Continuous Upgrading of Irradiator

Another important factor that needs consideration in order to ensure safe operation of
irradiation centre is maintenance. Corrective and preventive maintenance programs should be
implemented, as poor or inadequate maintenance of critical components will significantly
increase potential of radiation exposure. As in the case of gamma irradiator, radiation exposure
may result from loss of control over or damage to the radiation source as a result of neglect in the
maintenance. In extreme cases the exposures may be sufficient to cause serious injury or even
fatalities in the short term. Damage to the source can also lead to widespread contamination. In
the case of electron beam accelerator, poor maintenance of the machine will result in frequent
machine breakdown and therefore loss of irradiation time and customer confidence. At
ALURTRON, routine and regular as well as annual maintenance are carried out according to the
manufacturer's instructions and recommendations. Besides, many improvements and
modifications were carried out to upgrade safety features to further enhance safety measures such
as access control and interlocks. Figures 2, 3 and 4 show the upgraded radiation monitors at
ALURTRON.
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Fig. 2 Upgrading of radiation monitors at ALURTRON, (on-line area radiation monitor and

X-ray detectors)

m%

Fig. 3 Pneumatic shutter doors (access control for product and workers)
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Fig. 4 Entrance checker installed at ALURTRON to monitor product entry and movement of workers

Electron beam irradiator plant should be mindful on the need to have ready stock of
spare-parts. These parts normally take lengthy processes to procure them. Beside a long lead time
required by the manufacturer to fabricate and supply them, bureaucracy in purchasing process and
budget approval can prolong the delivery of essential parts. Delay in getting these critical
components can affect availability of machine time and thus irradiation time.

Having competent technical staft will be an added advantage to electron beam accelerator
facilities. These workers need to carry out routine and daily maintenance as well as visual
inspection to ensure machine is in good working condition. These competent workers together
with ready spare-parts can minimized the cost of getting an engineer from the machine
manufacturer to carry out annual maintenance and machine overhaul if the need arises. Our
ALURTRON operators cum technical staff have achieved the level of knowledge, experience and
competency needed to overhaul the NHV-3000 accelerator as shown in Figures 5 and 6.

4. Safety Requirement for Irradiator

All irradiation centers must ensure that during normal operation, maintenance and in
emergency situations the radiation exposure of both workers and the public is kept as low as
reasonably achievable (ALARA) and follow that limit set-out and recommended in the IJAEA
basic safety standard (BSS). Table 1 lists the issues need to be considered to safely operate either
gamma plant or electron beam accelerator.
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Fig. 5 Maintenance of electron beam handling equipment at ALURTRON
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Fig. 6 Maintenance of electron beam accelerator at ALURTRON
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Table 1 Requirements for safely operation of gamma irradiator and electron beam accelerator

Gamma Irradiator Electron Beam Irradiator
Requirements for source Power supply control systems
- Design of sealed source (ISO 2919) - Continuous monitoring of operating parameters
- Source accountancy records - Shielding
- Source holder and rack - Bremsstrahlung dominates requirements
- Source guard -Low atomic number materials used
- Design of source capsule - Spurious X-rays
- Integrity of pool - Backscattered electrons
- Control of water level - Dark currents

- Water conditioning

Other requirements are related to shielding, access rules and procedures to enter irradiation
room as summarized in Table 2.

Table 2 Requirements for irradiator

Requirements for Prevention of access ~ Master control Requirements for

shielding (designed to  to irradiation room console irradiation room

keep radiation doses

ALARA)

eUse of maze eInterlocks ePrevention of eSafety delay timer
entrances ePersonnel access unauthorised eEmergency exit or

eMovable shielding monitoring (CCTV, operation shielding
interlocked entrance checker) eAccess keys eEmergency stop

o All leakage paths eProduct entry and eEmergency stop eFire protection
assessed exit monitoring provided eVentilation

eUse of radiation (product sensor) eCCTV
monitor *CCTV eBuzzer/siren

The annual safety audit should be carried out by irradiation centres. This is to ensure that all
related components needed to safely operate the plant are in good shape and functional. The audit
report will reveal shortcomings in critical component, hardware and standard operating
procedures (SOP). Any potential hazard and faulty hardware would surface from the audit
exercise. The comprehensive safety checklist must include a comprehensive inspection and
examination of the following areas:

e Safety control systems e Control of visitors

e Warning systems e Sources of exposure

¢ Safe operation — management e Waste disposal

e Safe operation — technical e Monitoring of public exposure
¢ (Quality assurance records e Emergency plans

o C(lassification of areas e Training and exercises

e Local rules e Records

e Monitoring

5. Conclusion
Radiation is a very powerful form of energy that, when properly used, produces profound
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economic benefits in industries. In many instances, radiation technology is much superior
compared to alternative conventional technology in term of cost and advantages. However, since
ionizing radiation is also harmful, operating irradiators such as gamma plant and electron beam
accelerator need special safety consideration with regard to standard and safe operating procedure.
This is to ensure that during normal operation, radiation exposure of workers will be very low and
there is no significant exposure to members of the public. Most manufacturer and supplier of
irradiators design their system to minimize the risk of exposure and subsequently make
recommendation to facility owner on how to install and fix the necessary radiation protection
measures. However, the safe operation of the irradiator remains in the hand of the operators and
how these safety features were installed and maintained by the owners.
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3.1 A Brief Introduction of Application of Chitosan in Agriculture of China

Guozhong WU and Lei ZHONG
Shanghai Institute of Applied Physics, Chinese Academy of Sciences

Abstract

As one of the largest agricultural country in the world, China pays great attention to boost
the turnout and quality of crops. Thus the well-known biological product, chitosan, has a huge
potential market. Chitosan is one of the second most abundant natural resources, mainly derived
from the shell of crab and shrimp, fungi, etc. Owing to its many unique properties such as
biocompatibility, biodegradability, bioactivity, non-toxicity and sterilization, chitosan is
extensively investigated and used in agriculture, e.g. as seed coating to improve physiological
properties of the vegetables, as plant regulator to accelerate plant growth, as feed additive to
promote fish immunity.

1. Current Status of Chitosan Application in Agriculture of China

At present, the theoretic output of chitosan is 0.3 million tons in China, but the practical
yield is merely 30,000 tons and more than 90 % of chitosan is exported abroad. However, this
situation will gradually be improved since more and more research institutes and companies are
making arduous efforts into developing high add-value products based on chitosan. For instance,
the symposium on chitosan is held every 2 years by the Chinese Society of Chitin Research.
Currently, chitosan is mostly utilized as food preservative, seed coating, plant regulator and feed
additive in the agriculture of China. The preservation effect of chitosan from housefly larvae on
tomato, pepper and eggplant was studied and it was found that the three kinds of vegetables
treated with chitosan were better than vacant treatment in indexes such as loss rate of water, rate
of decay, intensity of respiration and content of vitamin C. It was also indicated that the
preservation effect of tomato (less than 12 days) and pepper (less than 4 to 6 days) were better
than eggplant V. Lin at GuangXi University of China applied chitosan in preservative of lychee
and also gained positive effect (Figure 1).

Fig. [ chitosan as preservative of lychee
Chitosan as seed coating has not been in the market of China by so far, but there are a lot of

published papers. Zhou, et al. treated seed of maize with different concentrations of chitosan, e. g.
0.1 %, 0.2 % and 0.3 %. The results showed that chitosan could increase seed germination
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percentage, germination index, seedling height, the content of soluble sugar and chlorophyll.
Among the three concentrations, the concentration of 0.2 % was the best ?. Chitosan is
extensively studied as plant regulator in China. For example, Chen represented that chitosan
improved nutrition quality and horticulture properties of plant. Simultaneously, it rapidly
stimulated plant defense responses *. The use of chitosan as plant growth promoter has been
commercialized by Hangzhou Derek Chemical Co., Ltd. Chitosan can stimulate plant growth and
increase production. Meanwhile, it also can improve disease resistance of plants, immunize plants
to kill many kinds of fungus, bacteria and virus. Zhang, et al. studied the effect of chitosan on
chicken growing development. The experiment showed that the addition of chitosan (200 ppm)
had an obvious effect on improving chicken weight ¥. Nantong Xincheng Biological industrial
Ltd Co. researched and produced chitosan feed additive (Figure 2). The results testified that this
kind of chitosan feed additive solution could supply nutrition for chicken and increase its weight,
boost stability of fish feedstuff to improve its utilization rate in water.

Fig. 2 Chitosan fed additive

2. Developing Trend of Chitosan Industry in China

China is the biggest supplier of chitosan, its domestic use is very limited yet. It is urgent to
explore more chitosan derivatives instead of exporting as a cheap raw material. Though research
on chitosan and chitosan-relevant materials is very active in China, more “real” applications and
commercial products are required. However, environmental pollution caused by the production
of chitosan is a big problem in chitosan industry of China, it is essential to take steps to solve this
problem.
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3.2 Research and Development of Radiation Processing of Polysaccharide in
Indonesia

Gatot Trimulyadi Rekso
Centre for Application of Isotopes and Radiation Technology, BATAN

Abstract

The research activities on natural polymer in Indonesia, especially chitosan as growth
promoters and carrageenan for hydrogel are summarized. Isolation processes of chitin from
shrimp shell were developed and the technology was transferred to fishing villages in north and
south seaside Java Island. Chitosan with 80.5 % degree of deacetylation was irradiated in dry
solid, wet and aqueous solution at a dose of 50 kGy by gamma ray from Co-60 source. Irradiation
of chitosan in aqueous solution gives the highest decreasing of molecule weight from 1.6 X 10*
become 1.1 X 10*. A large field experiment was carried out at a field of red chili in cooperation
with farmer in the village. The irradiated chitosan were dissolved in water and 300 mL of water
that contains concentration of 50 ppm chitosan was sprayed to red chili plant three times a week
for each plant. Irradiation of chitosan in dry solid condition gives the highest degree of height
growth of plant to 50.2 % and the degree of growth promotion to 92.6 %. The production yield
was around 60 % higher than without using irradiated chitosan. Modification of kappa
carrageenan (kC) has been carried out by radiation co-crosslinking with poly(N-vinylpyrrolidone)
(PVP) to prepare a new material. Solution of kC was mixed with PVP solution at various
concentrations. PVP- kC hydrogel was obtained by irradiation of the solution with electron beams.
The best condition for co-crosslinking of kC with PVP was established. The PVP- «C hydrogel
can be used as a matrix for immobilization of bioactive materials and wound dressing

1. Introduction

Indonesia is the world's largest archipelago with around 13,000 islands and occupies a
5,100 km stretch from the Indian to the Pacific Ocean. Shell seafood waste such as prawn shell,
crabs shells are abundantly found in Indonesia. Utilization of the fishery waste to the useful
product is suggested not only to recycle the fishery waste but also to reduce the environmental
pollution and to improve the economic situation by preparing the field employee occupation and
by bringing socio-economic benefit. The remarkable rapid and successful expansion of prawn
processing industry in Indonesia suggests the possibility of utilizing prawn-processing waste as
raw material for the manufacture of many valuable products such as chitin and chitosan for
industrial and health care product. According to the Directorate General of Fishery Affairs.
Indonesia’s shrimp production in 2006 had been projected at 350,000 tons. The shrimp producing
areas are located in 27 provinces. Chitosan is a linier polysaccharide derived from chitin, which is
a major component of the shell of the crustacean organisms and the second most abundant
biopolymer in nature next to cellulose. It is known that the radiation-degraded chitosan can
induce various kinds of bioactivities such as growth promotion of plant, suppression of heavy
metal stress in plant and antimicrobial activities. Radiation processing provides a simple and fast
method for degradation of chitosan for a specific application. Carrageenan is the name to a family
of linier sulfated polysaccharide obtained from the red seaweed. Product of seaweed in Indonesia
on the Asian country is not so much compare with Philippine or Thailand. Radiation modification
of carrageenan is also promising in Indonesia. Current status of the R&D carried out by BATAN
in the field of natural polymer is summarized in this report, especially emphasized in chitosan as
growth promoters and carrageenan for hydrogel.
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2. Application of Irradiated Chitosan for Growth Promoters
2.1 Isolation of chitin

Chitin extracted from prawn shell (Penacus Monodon), it was got from Desa Gebang,
Cirebon. The prawn shells were initially washed by water then dried on the sunshine. In the
beginning of our research, advisability of the natural of resource for chitin and chitosan was
investigated from various kind of prawn and crab shell. The survey was done in side beach of
north Java Island. We found that prawn and crabs shells are easily collected from the frozen
prawn processing plant. Shell was ground using a blender. Then served to obtain particle size of
(40 ~ 60) mesh. The schematic diagram of isolation chitin is shown in Figure 1.

Dried shrimps shells

«I«

Grinding
— waste
1 N NaOH — |Deprotenization|
— For fertilizer
¢ waste

1 N HCl —Demineralization

Washin

*E*I*
- «Q

Chitin
Fig. 1 Flow diagram of isolation of chitin

The average yield of isolation chitin from shrimp’s shell is shown in Table 1. The number
of extraction affected the yield of chitin. It was reported that the number of stage of extraction
affected the mineral removal significantly. From the table it was seen that by single stage
extraction the average yield of chitin was 28.7 % and the solids obtained were brown-light and
still have a weak odor. This unexpected color and odor was caused by the presence of some
protein mineral and pigment such as carotene. The double extraction gave an average 24.8 % and
no odor, the color was white. So it is obvious that the number of extraction affected the protein
and mineral removal. However for three times extraction yield of the solid was not giving
significantly different compare with double extraction. It was meaning that double stage
extraction was enough for isolation of chitin from shrimp’s shell. This method for isolation of
chitin already transferred to the fishery for developing of rural people in north and south seaside
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Java Island where rich with shell shrimp or crab waste. We introduce and teach them how to
make chitin from that waste after that they can make by themselves and sells the product to
private company and use the waste from that process for fertilizer.

Table 1 Yield of chitin at various numbers of extractions

Number of extraction

Single Double Triple
Yield (%) 28.7 24.8 23.2
Visual appliance
Color Brown light White White
Odor Weak No No

2.2 Preparation of chitosan

The conversion of chitin to chitosan was achieved by extracting chitin in 50 percent sodium
hydroxide with solid:liquid ratio = 1:20 at temperature of 100°C for 120, 240, and 300 minutes.
The data obtained gave an average yield of chitosan from chitin were 78,4 %, 75,6 % and 72,6 %.
The degree of deacetylation was determined by means of FTIR spectrophotometer. It is
determined by the base line method shown in Table 2. It can be seen in Table 2 that the
deacetylation time gave significant effect of deacetylation. After 120 minutes degree of
deacetylation reaches 78.2 %, it is gradually increased as the time increased. The highest degree
of the deacetylation was achieved for 300 minutes.

Table 2 Yield and degree of deacetylation at various times of reaction

Deacetylation time (min)

120 240 300
Yield of chitosan from chitin 78.4 75.6 72.6
Degree of deacetylation 65.4 78.2 79.8

2.3. Preparation of irradiated chitosan

The irradiation of chitosan was carried out in a Co-60 Gamma irradiation source. The
irradiation conditions of chitosan were (1) dry solid, wet and solution (5 % chitosan in 1 % acetic
acid). The irradiation dose used was 50 kGy with a dose rate of 5.1 kGy/h. Molecular weight and
solubility were measured after irradiation.

2.3.1 Effect of irradiation condition of chitosan on the molecular weight and the solubility

Gamma-irradiated chitosan showed a rapid decrease in molecular weight with a
concomitant increase of the solubility of the chitosan in 1 % acetic acid. Table 3 shows the effect
of irradiation conditions of chitosan on the average molecule weight. Chitosan in the solution
phase give a lowest molecular weight than solid and wet conditions. It is clear that radicals
produced by irradiation of water could benefit to depolymerization of chain of chitosan. It was
found that upon irradiation, chitosan is actually degradation of any polymer by means of
irradiation causes the chain length of chitosan to become shooter with the formation of shooter
fragment the molecular size, depend on the condition of chitosan used during irradiation. It was
because the radiolysis of water occurs during irradiation.
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Table 3 Effect of irradiation condition on average molecular weight of chitosan

Average molecular weight ( X 10%)
Irradiation condition

Dose (kGy) Dry Wet Solution
0 1.574 1.574 1.574
50 1.105 0.921 0.745

Furthermore, Table 4 shows the effect of different condition of irradiation chitosan on the
solubility properties (in 1 % acetic acid). The irradiation condition of chitosan gave a significant
effect on the solubility of chitosan. The wet chitosan give a higher of solubility value than dry
chitosan. This would tend that low molecular weight of chitosan give a better solubility.

Table 4 Effect of irradiation condition of chitosan on solubility properties in 1 % acetic acid

Solubility (g/mL)
Dose (kGy) Irradiation condition
Dry Wet
0 0.045 0.045
50 0.120 0.144

2.3.2 Effect of irradiated chitosan on the growth of the red chili plant

A large field experiment was carried out at a field of red chili in cooperation with farmer in
the village (Figure 2). Five series with 2 replicated each were done, the experiment was carried
out in 10 plots, the area of the plots was 10 m” (10 plants). The irradiated chitosan were dissolved
in water and 300 mL of water that contains concentration of 50 ppm chitosan was sprayed to red
chili plant three times a week for each plant. The growth promotion degree of the plant was
calculated based on untreated one.

Be,

Fig 2 Prepaatzon of plots fo experiment of red chili plants |

Figure 3 and the data shows in Table 5 clearly demonstrated that the irradiated chitosan
could effectively help developing of height of the plants faster than that of without irradiation (0
kGy) and control (without chitosan). In this experiment, chitosan with condition of dry solid state
when irradiated was the most effective as red chili plant growth compare with wet and solution
chitosan. It was because when chitosan irradiated in solution or wet state radical occurs from
radiolysis of water damaged the active side of chitosan.
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Control-without chitosan + Irradiated chitosan
Fig. 3 Effect of irradiated chitosan on red chili

Table 5 Effect of irradiated chitosan on height of red chili plant after 3 months

Height of plant (cm) Growth
Chitosan Plant number Average | promotion
123|456 |7]|8]9 |10 degree (%)
Non irradiated 34 136 1353733 [34|35[39|34|34|351+1.34 18.2
Dry 50 kGy 50 | 56| 58 | 60|52 53|52 |55|52|53|54.1+2.72 82.1
Wet 50 kGy 42 | 48 | 50 | 56 | 57 | 58 | 55|52 |59 |40 |51.7+£5.96 74,0
Solution 50 kGy | 48 | 42 | 44 | 50 | 42 | 43 | 44 | 40 | 42 | 40 | 43.5+2.40 46,4
Control 3212813312927 (129(29(28(32|30|29.7+1.12 0

*without chitosan

Table 6 shows the effect of irradiation condition of chitosan on growth promoter for red
chili plants. The chitosan irradiated at dry condition attained the highest increase of growth
promotion degree (146.4 %). The lower degree of growth promotion of chitosan irradiated in
solution or wet indicates that radiolysis products of water could damage the bioactive site of
chitosan.

Table 6 Growth promotion degree of irradiation chitosan on red chili plants

Average weight of red chili plant (g) Growth promotion degree (%)

Non irradiated 21.2 69.6
Dry 50 kGy 30.8 146.4
Wet 50 kGy 27.2 117.6
Solution 50 kGy 24.5 96.0
Control* 12.5 0.0

*without chitosan

Table 7 summarizes the effect of the growth promotion of the irradiated of dry chitosan on
red chili plants 40 days age. The irradiated of dry solid chitosan showed strong effect of the
growth promotion on red chili plant at all and roots and leaves were found to develop at a faster
rate than that of without chitosan. Results of field test showed that by spraying water contents of
dry state irradiated chitosan made the productivity increase around of 60 %.
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Table 7 Growth promotion effect of irradiated dry chitosan

Characteristics of plant ~ Control (Without chitosan)  Irradiated dry chitosan

Height (cm) 7 12
Amount of root 8 19
Length of root (cm) 3 8
Amounts of leaves 4 7

Similar plant growth promotion effects were observed in cabbage, potatoes, carrot and
corn.

3. Application of Carrageenan as Hydrogel Material

The Eucheuma seaweed, which produced carrageenan, is grown in cultivation farms
located mostly in North Java and in South Celebes. The carrageen family has three main branches
named Kappa, lota and Lambda, which are well differentiated in term of their gelling properties
and protein reactivity. Kappa carrageenan («xC) produces strong rigid gel while those made with
Iota products are flaccid and compliant. Although Lambda carrageenan does not gel in water.
Modification of kC with PVP has been carried out by radiation to prepare a new material.

3.1 Effect of the composition of PVP and xC

Aqueous solution of «C with the concentrations ranged of 0 ~ 2 wt % was mixed with
aqueous solution PVP in the concentration of 0~2 wt % and then homogenized at 80°C. The
samples were packed in the polypropylene (PP) plastic film then irradiated to doses from 10 to 40
kGy by electron beam machine at the doses of 10 kGy/pass. Table 8 shows of the physical
appearance of the hydrogels which were made by the various concentrations of PVP and «C. The
best condition for co-crosslinking of kC with PVP was that in the composition of 2/2 (g/g) and the
other compositions relatively did not good (fragile).

Table 8 Physical appearance of PVP- kC hydrogel by various concentrations of PVP and kC

PVP (wt %) kC (wt %) Physical appearance

0.5 0.5,1.0,1.5,2.0  Soft and Brittle
1.0 1,1.5,2.0 Soft and Brittle
2.0 0.5,1.0,2.0,3.0  Soft and Brittle
3.0 3.0 Tough, Brittle

3.2 Properties of PVP and xC hydrogel

The effect of irradiation on the percentage of gel content is presented in Figure 4. It can be
seen that the percentage of the gel content increases by increasing of total dose, this means more
crosslinking occurs. The relationship between total dose and tensile strength of hydrogel shows in
Figure 5. Tensile strength increases with increasing dose.

4. Cooperation

For promoting the application of chitosan irradiated to the farmer as the users, we cooperate
with local government in West Java and Center Java. Also we promote by poster in some
exhibition. Also we do cooperation with Unibraw University for trial of irradiated chitosan to the
farmer land and compare the results by treatments that the usually use. Study on oligo chitosan as
additive for food preservation is a Joint Research with National Agency of Drug and Food
Control, Indonesia.
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5. Conclusions

It is clear that the irradiation treatment was applicable on modification of chitosan for
growth promoters and carrageenan for hydrogel. The field data of using irradiated chitosan for red
chili plant shows of the increase in production yield was around 60 % higher than without using
irradiated chitosan. The best condition for co-crosslinking of kC with PVP was that in the
composition of 2/2 (g/g) and the other compositions relatively did not good (fragile). The gel
content hydrogel and tensile strength of hydrogel increases with increasing irradiation dose.
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3.3 Technology Transfer on Radiation Processing of Natural Polymer in Japan

Fumio Yoshii
Takasaki Advanced Radiation Research Institute, Japan Atomic Energy Agency

Abstract

Carboxymethyl cellulose (CMC) crosslinked at paste-like condition forms hydrogel. The
hydrogel was applied as a coolant to keep flesh of vegetables and fish at low temperature.
Shochu (Japanese liquor of 25% alcohol content) residue produced by fermentation of rice and
sweet potato was rapidly converted to animal feed by water absorption of CMC dry gel.
Poly(lactic acid) crosslinked by irradiation in the presence of triallyl isocyanurate, TAIC was
soaked in plasticizer to give softness. A maximum of 60 wt% plasticizer was incorporated in
PLA resin and flexible PLA sheet was obtained. Growth of flowers was accelerated when sprayed
with radiation degraded alginate and shipment schedule of the flowers was advanced to one week.

1. Introduction

Synthetic polymer materials such as polyethylene, polypropylene and rubber modified by
radiation were used in various fields. FNCA member states actively carried out modification of
natural polymers by degradation and crosslinking techniques. As results, plant growth promoter,
wound dressing and bioform were commercialized. In Japan, radiation modification of carbon
neutral materials such as polysaccharide derivatives and poly(lactic acid) (PLA) are carried out by
crosslinking techniques, and practical test and preparation of test sample for marketing is done 2.
In this country report, current status of technical transfer of carboxymethyl cellulose (CMC)
hydrogel, crosslinked PLA and radiation degraded alginate * are reported.

2. Application of CMC hydrogel
2.1 Radiation synthesis of CMC hydrogel

It is well known that CMC irradiated in solid phase and in dilute aqueous solution (below
10%) undergoes degradation but we found that CMC undergoes crosslinking in irradiation at
paste-like condition of high concentration. High concentration is better for crosslinking of CMC.
Furthermore, it was found that crosslinking is affected greatly by degree of substitution (DS) of
CMC. The crosslinked CMC hydrogel absorbed much water.

2.2 Hydrogel coolant

CMC hydrogel was applied as coolant,
as shown in Figure 1. The CMC gel coolant
formed high quality product to cool fishes
and vegetables. This coolant consists of
2 % CMC dry crosslinked gel (swollen) and
other components.

2.3 Treatment of Japanese shochu residue
Japanese liquor, shochu (alcohol
content, 25 %) is produce by fermentation of
rice and sweet potato. After production of
shochu, a lot of shochu residues are formed.
These residues, which contain 90% water,

Fig. 1 CMC hydrogel coolant
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are thrown away in the deep sea and rapidly gather molds. But, throwing of shochu residues on
the sea will be prohibited from end of March 2007. Thus, it is desired to find new technology
for reuse of shochu residue. A technology to utilize shochu residue for animal feeds was
proposed, as shown in Figure 2. Practical plant for processing of animal feeds from shochu
residue was installed at Kumamoto prefecture (Kyushu). Corncob is added into rotary oven to
absorb water in shochu residues. After that, the mixture is dried for 2 hours at 120°C and dry
powder animal feed is obtained. In this case, corncob of 650 kg was required for one ton shochu
reside treatment. So, CMC gel was added to reduce corncob. Required corncob was reduced
to 200 kg by addition of 0.2 % (2 kg) CMC dry gel per one ton shochu residue. It was
confirmed that water absorption by CMC dry gel is effective to convert shochu residue into
animal feed.

§~.| Drying at 60~80°C
to reduce w ater content
1t 40%

'w Packing
- 5 i il l

| [“FDry Gel =
T, (k] At — o A Shipment to

Shouchu residue: 1 ton i ;
,“ * animal farms
| Comcob: 200 kg b “rer

Dry gel: 2 kg

Fig. 2 Treatment of shochu residue by CMC dry gel and corncob for animal feed

2.4 Livestock excrement treatment

In Japan, release of excrement and urine from domestic animals, such as cattle and pigs, in
river and penetration into underground water was prohibited since November 2004. In this law,
it is desired to convert immediately excrement and urine into organic fertilizer by fermentation.
However, excrement and urine from cattle contain 85 % to 90 % water, so that it is difficult to
undergo fermentation smoothly.  Thus, present method consists of mixing sawdust from 1.0 - 1.5
times (volume) with the excrement and urine to reduce 65 % to 70 % water content and
enhancing fermentation. Addition of 0.2 % CMC dry gel to the process can reduce consumption
of sawdust by 1/3 in comparison with the present method (Figure 3). This novel technology
give following advantages; 1) reduction of saw dusts, small storage area for saw dust, 3) decrease
in heavy work, reduction of odor diffusion in environment.

3. Application of Crosslinked PLA
3.1 Radiation crosslinking of PLA

PLA predominantly undergoes degradation under direct irradiation. When the polymer is
exposed to gamma rays or electron beam, the mechanical and physical properties of the polymer
decrease due to reduction of the molecular weight of the polymer. We employed polyfunctional
monomers (PFM) to induce crosslinking of this degradable type polymer during irradiation.
PFMs have been widely used as crosslinking agents for polyolefins. Six kinds of PFMs were
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incorporated to induce crosslinking of PLA. It was found that TAIC was the most effective to
lead crosslinking of PLA. TAIC concentration of 3 ~ 5% in PLA gave gel fraction of 80%.
Crosslinking due to presence of TAI C improved heat stability of PLA.

Tk il

-

(c) xfng with dry gel and saw dust (d) Fermentation
Fig. 3. Acceleration of fermentation in excrement composting by CMC dry gel

3.2 Marketing of crosslinked PLA

PLA has high transparency and
hardness property. As mentioned earlier,
heat stability of PLA was improved by
crosslinking in EB irradiation in presence of
TAIC. Further modification was carried out
by adding plasticizer to give softness to PLA.
After irradiation, crosslinked PLA was
soaked in plasticizer at more than Tg to
enhance concentration of plasticizer in PLA
resin. Bleed (migration) test for PLA resin
containing 40 wt% plasticizer was carried
out at 80°C. Bleeding of plasticizer from G
PLA resin is hardly observed even after 2 Fig. 4 Injection molding sample of PLA including
weeks. From these facts, it was deduced plasticizer
that plasticizer is strongly fixated in the
network structure due to crosslinking. It was also deduced that softness and flexibility of
crosslinked PLA could be controlled by the concentration of plasticizer. Sheets of PLA with 40
wt% plasticizer were prepared by injection molding (Figure 4). It is confirmed that these sheets
have flexibility and do not break even for bending many times. Accordingly, it is concluded that
soaking method, in order to incorporate plasticizer in crosslinked PLA resin, is effective to give
flexibility for thin film and sheet.
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4. Commercialized Hydrogel Wound Dressing

The hydrogel wound dressing covered on the wound accelerates its healing in a moist
environment. Hydrogel wound dressings have several advantages compared to a dry type
dressing, which are faster healing, no pain during pealing and no residue on the skin after
peeling”. The wound dressing hydrogel synthesized by EB irradiation has been on sale since July
2004. The registered name is “VIEW GEL”. VIEW GEL are used in the hospital for healing of
burns, bedsores and scratches. The GEL PROTECTOR to prevent shoe sore was also developed
by the same radiation processing and is available in drugstores. Hydrogel based on
polysaccharides such as methylcellulosel cellulose and hydroxypropylcelluse have high gel
strength and are very safe for use. In near future, applications in medical and cosmetic field of
such hydrogels are foreseen.

5. Field Test of Plant Growth Promoter for Practical Application

Alginate in aqueous solution formed oligo-alginate at lower irradiation dose compared solid
phase irradiation. Vietnam Atomic Energy Commission has commercialized oligo-alginate
obtained by radiation degradation as a plant growth promoter. Japanese farmer (Tochigi
prefecture) carried out field tests using the oligo-alginate prepared by VAEC, as shown in Figure 5.
Oligo-alginate was sprayed every 2 weeks. The results revealed several advantages: (1) number of
flower is rich, (2) whole volume is larger, and (3) shipment is one week earlier. From fact (3), fuel
for warm heater to keep desired temperature is save.

; = T

Control (without oligo-alginate) With oligo-alginate
Fig. 5 Effect of plant growth promoter (oligo-alginate) on flower growth
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3.4 Progress in R&D on Radiation Processing of Natural Polymers in Korea

Junhwa Shin, Youn Mook Lim and Young Chang Nho
Advanced Radiation Technology Institute, Korea Atomic Energy Research Institute

1. Progress in the R&D on a Radiation Processing of Natural Polymers
1.2. Hydrogel based dressing “Cligel”

Dr. Nho’s research members at KAERI invented a treatment dressing (commercial name;
Cligel) for a patient whose skin is widely damaged by a burn, car accident etc. Compared with the
petrolatum gauze that is currently used in Korea, this reduces the treatment term and improves the
treatment effect without any side effect. The dressing is made of poly(N-vinylpyrrolidone) (PVP)
and carrageenan, biocompatible hydrophilic polymers that can hold excess water. Since Cligel
provides an appropriate moisture to a burn, wound, bedsore etc, it reduces the scars and scab
formation. KAERI formed a technology transfer agreement with HUGEL Co. Ltd in September
of 2001, on a gauze alternative for the treatment of a wound and burn as a government project.
HUGEL Co. Ltd., a bio venture company found in December of 2002, started developing the
manufacturing process of Cligel through a technical tie-up with KAERI. Cligel was approved by
KFDA (Korea Food & Drug Administration) on February 11 of 2004 and is currently sold by
Hyundai Pharm. Ind. Co. Ltd. Figure 1 shows the Cligel and its example of its use of) for
treatment.

Cligel

R

Fig. 1 Hydrogel based dressing (Cligel) for wound and burn treatments
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1.2. R&D of a gelatin based hydrogel for healthcare.

Recently hydrogels have been increasingly studied for tissue engineering purpose since
hydrogels are considered as excellent matrices for repairing and regenerating various tissues and
organs. To successfully prepare hydrogels with the desired biological and physical properties,
several factors such as a biocompatibility, biodegradability, sterilizability, mechanical strength,
drug loading capacity, water content (degree of swelling), and the components of the hydrogels
etc, must be considered carefully.

Figure 2 illustrates the procedure for the gelatin hydrogel. Gelatin, a derivative of
collagen obtained through a partial hydrolysis of a collagen has been widely used in the food,
pharmaceutical, and photo industries etc. For the biomedical applications, Recently, we utilized a
radiation generated from a Co-60 source or electron accelerator for the preparation of crosslinked
gelatin hydrogels and tested them as tissue scaffold materials.

Ge.a:é% Og% = ﬁ -

it Gelatin mixed :
b solution Cross-linked
by irradiation

-
<= a 5

freezed
at -7g°C Maximum sweling

Freeze-drying /¥
at 52°C \

75 Gelatin seaffvlde cross-linked
‘ by itradiation (y-rdy & EB)

Fig. 2 Procedure for gelatin hydrogel scaffold

Tensile strength and gel fraction were measured to compare the gelatin hydrogels
prepared by a gamma irradiation and an electron beam irradiation. The results indicated that no
significant difference was observed between these hydrogels as shown in Figure 3.

The gelatin hydrogel scaffold obtained by freeze-drying methods, consists of large pores

which provide a comfortable environment for a cell growth. SEM image (Figure 4) showed that
fibroblast cells grew well in the scaffold and formed a tissue.
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Fig. 3 Gel fraction (above) and tensile strength (bottom) of gelatin hydrogels prepared by an electron
accelerator (left) and a gamma ray (vight)

We also found that the addition of DMSO to the reaction medium during y-irradiation
process provided gelatin hydrogels with a considerably high swelling property. The gel content of
the hydrogels decreased as the DMSO contents or temperature increased (Table 1). During the
swelling process, significant increases of the degree of swelling were observed from the
hydrogels prepared in the DMSO rich solutions. The hydrogel prepared from the 30 % DMSO
solution showed more than a 20-fold increased swelling at 37 C for 48 h, when compared to the
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hydrogel prepared in the absence of DMSO. Furthermore the degree of swelling of the hydrogels
prepared in the absence of DMSO decreased as the temperature increased but the hydrogels
prepared from the DMSO rich solutions showed a reverse pattern. Swelling rate of the hydrogels
was measured at 37 C and is shown in Figure 5.

Table 1 Gel contents and degree of swelling of y-irradiated gelatin hydrogels prepared in DMSO/water

mixtures

DMSO Contents® Gel Content ° (%) Degree of Swelling © (%)

%) Room 5. 37¢  Room 450 37C
Temp. Temp.
0 92 80 76 1285 727 716

10 92 55 42 1787 3152 5358
20 92 48 39 1996 5504 9417
30 89 46 34 2440 8123 15895
50 84 37 ¢ 3406 11042 ¢

4 DMSO contents are shown as a volume percentage of DMSO in the gelatin solution.

B. Gel contents and degree of swelling of the hydrogels were measured afier a 48 h immersion in
a water bath at a given temperature.

€. The hydrogel was dissolved at 37 C within 48 h.
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Fig 5 Swelling (37°C) of y-irradiated gelatin hydrogels prepared in the presence of DMSO

2. Establishment of the Advanced Radiation Technology Institute (ARTT)

Advanced Radiation Technology Institute (ARTI) of KAERI located at Jeongeup-si,
Chollabuk-do, Korea (southeast area of Korea peninsula) held an opening ceremony on
September 29, 2006 and many renowned celebrities attended to commemorate the ceremony. The
purpose of our institute is aimed at developing radiation fusion technologies (RFT) to promote the
quality of life for people throughout the world and contribute to the national economic
development.

Radiation fusion technology is the advanced complex technology based on radiation

technology (RT) into which the information technology (IT), nanotechnology (NT),
biotechnology (BT), environmental technology (ET), space technology (ST), and military
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technology are merged. We are currently carrying out research on the development of radiation
fusion technology in the fields of industry, environment, agri-bio resources, biotechnology, and
utilization of radioisotopes, public health, and basic research.

The major radiation facilities of the institute are two Co-60 irradiators of 3 kCi and 490 kCi,
a linear electron accelerator of 10 MeV and 1 mA (Figure 1), a ion implanter of 300 keV and 5
mA, and a gamma cell irradiator of Cs-137, and a gamma phytotron of 400 Ci. A cyclotron of 30
MeV is under construction and will be available in 2008. More detailed specification of the linear
electron accelerator is indicated below.

Specification of the linear electron accelerator at ARTI:

- Model : UELV-10-10S

- RF energy source : klystron

- Beam energy : 10 MeV

- Beam current : 1 mA

- Beam power : 10 kV

- Scanning length : 800 mm X 200 mm (at 200 mm from extraction window)
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Fig. 6 Linear electron accelerator installed at ARTI in 2006
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3.5 Radiation Processing of Natural Polymer in Malaysia

Khairul Zaman, Kamaruddin Hashim, Zulkafli Ghazali, Mohd Hilmi Mahmood, Dahlan Hj.
Mohd and Jamaliah Sharif
Malaysian Nuclear Agency

Abstract

Research on radiation processing of natural polymer has been carried out by Nuclear
Malaysia since 10 years ago. The progress of the research is at various stages. Radiation
processing of sago hydrogel has been commercialized. Meanwhile sago film for packaging is at
the pilot scale trial. Palm oil products are ready to be further developed for commercialization
with any interested industrial partner. On the other hand, some new materials are being developed
based on natural rubber such as liquid natural as compatibilizer, natural rubber thermoplastic
nanoclay composites and natural rubber magnetic nano particles composites.

1. Introduction

Natural polymer or green polymer is becoming an important material for the future. With
the increasing price of mineral oils, vis-a-vis the synthetic polymers, natural polymers is for seen
as the alternative materials and received great attention such as in the development of biofuel,
biodegradable plastic and environment friendly monomer/oligomer/polymer materials. Their
unique characteristics such as inherent biocompatibility, biodegradability and relatively cheap and
easy availability, has generated strong interest on its potential applications and economic
competitiveness. Countries in this region is proud to be blessed with an extremely rich natural
resources and biodiversity either forest or marine based. With modern technology, these natural
resources are currently being planted or managed systematically to meet the industrial
requirement in term of quantity, variety and quality.

Several types of natural polymers such as alginate, carrageen, chitosan, and starch have
been the subjects of research and development by the countries in this region including Malaysia
in the past several years. Radiation crosslinking of hydrogel comprising of water soluble synthetic
polymers such as poly(vinyl alcohol) (PVA), poly(N-vinylpyrrolidone) (PVP) and natural
polymers such as starch, chitosan, chitosan derivatives and agar have been developed in particular
for healthcare and cosmetic applications. Radiation has been shown to cause the degradation of
natural polymers. In hydrogel, the degraded natural polymer besides act as filler, it also provides
balanced of mechanical properties and the one with the functional group provides the antibacterial
and anti fungal properties. The derivatives of starch and cellulose that are water-soluble have been
shown to crosslink by radiation that led to the development of new applications in the healthcare,
medicine and environment.

2. Current Research and Development in Malaysia

Radiation processing of natural polymers such as sago starch, chitosan, carrageen, palm
oil, natural rubber and derivatives of chitosan and starch are being carried out at various stages of
R & D. Radiation processing of sago starch hydrogel has been transferred to industry for cosmetic
and healthcare applications. Meanwhile, the radiation processing of biofoam and biofilm from
sago starch is at the pilot scale trial. The development of carboxymethyl sago starch is now within
the local industry capability. Research on hydrogel is now being extended into chitosan, chitosan
derivatives and carrageenan for healthcare and biomedical applications.
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Palm oil has been chemically modified into radiation curable acrylate. Currently,
acrylated palm oil and its derivatives can be produced at semi-pilot scale production of 15 Liter
per batch. Among the applications that have been developed by MINT are for the pressure
sensitive adhesive (PSA) and industrial glue for wood products. MINT is looking for potential
users and partners in the commercialization of the products and in developing other applications
of palm oil acrylate.

Agrofibers polymer composite is an emerging application in many part of the world.
However, in this application, the utilization of radiation has to be carefully manipulated, to be cost
effective in comparison with conventional process. Current problems in the processing of
agrofibers polymer composites are materials compatibility, inherent physical properties of
lingo-cellulose fibers such as hydrophilicity and its structure.

Natural rubber and natural rubber latex is still one of the main natural polymers that
warrant further investigation into new products and applications. Various studies have been
conducted at Nuclear Malaysia onto natural rubber blends with synthetic polymers (PVC, PE and
PP) for automotive parts and industrial goods. Recently, research work on radiation crosslinking
of natural rubber/clay nanocomposite has been conducted to investigate the effects of nanosize
clay and EB processing on the physical and mechanical properties of the composites. Natural
rubber and nanosize inorganic material blend is also being investigated.

2.1 Sago hydrogel for wound dressing and bio-gel mask

Sago is non-toxic, biocompatible and biodegradable that make it suitable to be used in the
health-care, cosmetic and medical products. The research activity in this area involved utilization
of sago starch by solution blend with water-soluble polymer such as poly(N-vinylpyrrolidone),
poly(vinyl alcohol) and carboxymethyl cellulose and by electron beam irradiation for crosslinking
and sterilization of the hydrogel. Sago has been shown to improve the strength and elasticity of
the hydrogel. The semi-gel property of the sago starch is an advantage in the manufacturing and
handling of the product prior to electron beam irradiation.

Sago hydrogel is non-toxic, has good adhesion to skin and wound, readily remove without
tendency to stick to the wound, exhibit high elasticity and also mechanical strength, ability to
absorb fluid or exudates that come out from the wound, permeable for oxygen to get to the wound,
prevent bacteria from environment to enter into the wound and good transparency for easy
monitoring the healing process of the wound. These properties of sago hydrogel are also
considered suitable to be used as bio-gel mask material. The water retaining capability of the
hydrogel will keep the skin in moist condition especially for dry skin and its ability to absorb oil
is advantage for oily skin. As a result of this study, sago hydrogel has been filled for patent in July
2002 under “Starch Hydrogel” with application No. P1 20022825. The patent has also been filled
in other country such as Thailand, Japan, Indonesia, China, Taiwan and Philippines.

Sago hydrogel has been licensed to Syraikat Rumbia Bio-Tech Sdn. Bhd. in September
2003 for commercialization as thin film sago hydrogel for facial mask and as sheet form sago
hydrogel for wound dressing. Sago hydrogel as a bio-gel mask product for skin moisturizing and
bio-cleansing is now undergoing market acceptance and promotion under the brand name
“Esllon” by the Rumbia Biotech Sdn. Bhd. The product has been approved by the Ministry of
Health, Malaysia, MAL: 05021222K. Meanwhile, sago hydrogel as wound dressing product will
undergo clinical test in 2007.
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At this stage, the company manages to produce 1,000 pieces per day facial mask at their
GMP plant located at Nuclear Malaysia Technology Park. The sheet form wound dressings have
been distributed to various local hospitals for performance evaluation of the product.

2.2 Bio-foams and Bio-films for packaging applications

Sago is an attractive indigenous polymer that can be used in the development of
biodegradable raw materials and or as composites. Sago on its own cannot be expanded to
produce foam. However, blending sago with other polymers notably the water-soluble type
enables the blends to be expanded. Electron beam irradiation is used to induce crosslinking in the
sago blends that will prevent the foam from collapse once it is cooled down. Foam expansion is
achieved either by using microwave oven or extrusion process. The density of sago foam and
the price of its starting materials in comparison with other foam materials are given in Table 1.

Table 1 Density of sago foam in comparison with other commercial foam products

Foam materials Sago Wheat GM Corn PE PS
Density (kg/m’) 0.2 0.7 0.9 0.06 0.05
Cost of raw materials (RM/Kg) 0.80 1.70 2.30 >5.00 >5.00

The mechanical properties of sago-PVP blend are given in Table 2. Figure 1 shows the
effect of irradiation dose on the gel content of sago, sago-PVP hydrogel and PVP. Some sago
blends such as sago-PVP formulations foamed very well but produced hard foams. On the other
hand, sago-PVA blends have produced softer and more resilience foams. High irradiation dose
will lead to the formation of rigid foam. As much as 80 % of sago can be added into the blends
for eventual foam productions.

Table 2 Mechanical properties of sago-starch /PVA blend

Composition Dose Tensile Strength Elongation at Break
Sago/PVA (kGy) (MPa) (%)
0 67.01 227.00
10 80.11 307.23
0/100 15 89.10 246.07
20 79.06 226.39
0 62.03 12.95
10 60.39 5.01
25075 15 87.57 10.06
20 89.30 11.47
0 53.52 11.11
10 55.83 11.78
S0/50 15 56.49 7.18
20 23.51 6.63
0 69.01 11.22
10 76.87 10.55
75125 15 72.02 10.01
20 47.01 6.61
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against time

On the biodegradability test, it was shown that there is a significant change in weight loss
for the foam sample buried for 1 month. As much as 30 % weight loss was recorded. The weight
loss was more prominent after 3 months burial that is more than 90 %. Figure 2 shows some
results on the burial tests of the sago-PVP blend. Sago film is a 100 % biodegradable,
compostable, and designed to replace non-degradable film made from synthetic polymer such as
PE or PP. The film can be produced into various thicknesses depending on applications. Blends of
sago film have been prepared into soft and hard formulation depending on its final applications.
It has good mechanical strength and good water permeability. Further developmental work cum
pilot scale production is required before the product can be tested commercially. Nuclear
Malaysia together with the local company, Teguh Timur Sdn. Bhd. has applied the government
Techno Fund to further develop the product at the pilot scale level. Meanwhile, sago film has
been file for patented on 9 March 2005 with a patent no. P120050126.

2.3 Radiation curable palm oil acrylates

Most of the radiation curable resins available commercially are derived from synthetic
materials. Only a few known acrylated resins are obtained from indigenous raw materials such as
soya bean, tung and linseed oils. Palm oil is a good candidate to be modified and used as radiation
curable materials for coatings, adhesive, and printing ink. So far, there are three types of radiation
curable resins that have been developed by Nuclear Malaysia, i.e. EPOLA (epoxidized palm oil
acrylate), EPOMA (epoxidized palm oil methacrylate, and POBUA (palm oil based urethane
acrylate). Of the three, POBUA has the characteristics comparable to commercial resins and is
suitable to be used in coatings, pressure sensitive adhesives and printing ink. The characteristics
of palm oil based PSA and palm oil acrylate resins developed at MINT are given in Table 3 and 4
respectively.

Table 3 Characterization of natural acrylate resins PSA products

Testing PSA Properties
Rate of UV curing at conveyor speed of 10~25 m/min  Variable, 1 ~ 5 # passes
Peel Adhesion, g/inch (Paper/PET) Variable, 280 ~ 873 g/inch
Tackiness, gf (PET) Variable, 280 ~ 586 gf
Mode of failure Mostly Clean Release Failure (CRF)
Environmental impact Biodegradable, Environment friendly,

Less volatile organic compound

Materials resources Renewable




JAEA-Conf 2007-007

Table 4 Properties of palm oil based natural acrylate resins

Testing Palm Oil Acrylates

Rate of UV curing at conveyor speed of 10~25 m/min  Varies, 1 ~ 5 # passes

Hardness (coatings) 20 ~ 40 %, Pendulum hardness

Adhesion (on Paper/PET/ wood substrates) Superior, 80 ~ 100 %

Molecular weight (MW) Variable, 2,000 ~ 20,000

Glossiness (coatings) Standard, 60 ~ 90° at 60 degree

Environmental impact Biodegradable, Environment friendly,
Less volatile organic compound

Materials resources Renewable

The applications of POBUA formulated resins on wood substrates (particleboards)
showed very encouraging results such as; high gloss coatings, i.e., average 90 % of 60° gloss
which is considered ultra gloss and high tape adhesion around 96 ~ 100 %.

The resulting pressure sensitive adhesives (PSAs) (on PET substrate) and its properties
satisfactorily suggest that POBUA together with EPOLA and EPOMA have the potential to be
used as oligomers in the formulation of radiation curable PSAs. POBUA on the other hand, has
an added advantage of higher curing speed compare to EPOLA and EPOMA. The tackiness and
peel strength values of 140 ~ 200 gf and 100 ~ 300 g/in respectively are considered sufficient for
the specific PSA application such as office paper label or sticker. Efforts are being made to
increase the adhesive strength (tackiness and peeling) and rate of curing of the PSAs so that they
can also be used in other non-permanent type applications such as removable tapes and protective
laminates. POBUA gives offset lithographic carton ink having a slightly less curing-property
performances as compared to commercial acrylate oligomers. However, the POBUA made inks
showed a slightly better adhesion & had almost equal apparent surface tension and IR recovery
after emulsification as compared to commercial acrylate oligomer such as UCB EB-210. Efforts
are being made to improve the compatibility of POBUA with other oligomers by increasing its
functionalities.

Currently, three products have been filed for patent namely synthesis and production of
palm oil based urethane acrylate (POBUA), pressure sensitive adhesive from epoxidized palm oil
acrylate and production of hydroxyl containing palm oil based products with patent no. of PI
20031627, P1 20040082 and PI 20043088 respectively.

2.4 Liquid natural rubber and natural rubber based nanocomposites

Controlled reduction of molecular weight (MW) of solid-form epoxidized natural rubber by
photochemical technique has been studied. The product would be used for preparing NR-based
resin for radiation curing as well as radiation-sensitive compatibilizer for TPNR blends. The
technique studied includes the effects of hydrogen peroxide on the rate of MW reduction of the
solid rubber as well as its combination with reducing agent such as sodium nitrite. Analysis by
FTIR spectroscopy suggests the formation of hydrogel and carbonyl groups as a result of the
ring-opening of the epoxy groups of the rubber. NMR as well as IR spectra show the possible
formation of furan-like species.

Among the large number of inorganic layered materials that exhibit intercalation

capabilities, layered silicates is one of the most typical materials used because of the versatility of
the reactions that can be designed. In particular, the smectite group of clay minerals such as
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montmorillonite, sponite and hectorite has excellent intercalation abilities. The combination of
clay silicate layers and polymer matrices at nanoscale level constitutes the basis for preparing an
important class of inorganic-organic nano-structured materials.

The use of radiation technique to process nanostructured materials or to produce
nanostructured materials have been shown technically superior as alternative and viable
techniques for further commercial exploitation. The main focus of this research is to utilize
indigenous natural polymer for production of nanocomposites material. Natural rubber/clay
composites and thermoplastic natural rubber/clay composites are important materials that
currently being studied.

The natural rubber used in this work is of grade SMRL (Standard Malaysian Rubber) and
the clay used is sodium montmorillonite modified with various types of cationic surfactants such
as dodecylamine and octadecylamine, in order to make the galleries hydrophobic and thus more
compatible with the elastomer. Organophillic clay (MMT) was prepared by cationic exchange
process of sodium montmorillonite in dodecyl or octadecyl ammonium chloride aqueous solution.
Natural rubber/clay nanocomposites with different contents of the organically modified clays
were prepared by melt mixing using Haake internal mixer.

The compound was then irradiated using electron beam at optimum dose of 250 kGy.
X-ray diffraction results indicated intercalation of the natural rubber into silicate interlayer. Upon
irradiation at 250 kGy, the tensile strength of the NR/Na-MMT nanocomposites constantly
reduced slightly with increasing clay loading, whereas the tensile strengths of NR/DDA-MMT
and NR/ODA-MMT increases to optimum levels, 12.1 MPa and 9.5 MPa respectively at 3 phr
clay contents. On the other hand, the elongation of NR/DDA-MMT nanocomposites is less
affected with increasing clay content up to 3 phr. The results of tensile strength and elongation are
shown in Figure 3. The effects of the natural rubber/EVA and nanosize clay blends have also been
investigated.
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Fig. 3 Mechanical properties of NR/clay nanocomposites irradiated to 250 kGy

3. Technology Transfer and Commerecialization

Two important components of the technology transfer are the technical component and
market component. The technical component involves the production of the materials or products
at the sufficient quantity and standard quality. In this aspect, continuous involvement and support
from research institute is a must. On the other hand, the industrial partner should take the lead to
carry out the market acceptance test, evaluation and marketing.
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Beginning the gt Malaysian Plan, 2006, Techno Fund has been introduced to provide
fund in the form of grants to upgrade the laboratory work into pilot scale for product development
and market testing. With such fund, the technical and market components of the technology
transfer can be performed to establish the commercial viability of the project. The government
also provides the commercialization fund as a matching grant to assist company to commercialize
new finding after the pilot scale study.

4. Conclusion

In Malaysia, radiation processing of natural polymers is at several stages of
implementation. Some project has been transferred to industry and some still at the laboratory
stage and others need to be further tested at the pilot scale level. At the same time, further effort is
necessary to find industrial partner for commercialization in particular for a new technology or
new materials. In this respect, government support in providing fund for research, for pilot scale
project and commercialization are crucial for the successful technology transfer to industry.
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1. Introduction

Radiation technology has emerged as an environment-friendly, commercially viable
technology with broad applications that can essentially contribute to achieve the goal of
sustainable development. Natural polymers are good raw materials since they are biodegradable,
readily available in large quantity and at low cost. Radiation processing of natural polymers is a
potential area to widen the prospect of industrial scale application of radiation technology in the
Philippines.

2. Semi-commercialization of PVP-Carrageenan Hydrogel

The hydrogel prepared by irradiation of the mixture of poly(N-vinylpyrrolidone) (PVP) and
carrageenan has undergone clinical testing at several major hospitals in Metro Manila.
PVP-Carrageenan hydrogel has been found to be comparable to commercially available
hydrocolloid in terms of efficacy and superior to saline/gauze 2. It has already a pending patent
application (No.1-2000-02471) at the Philippine Patent Office. The techno-economic feasibility
study showed economic viability of the project. The 3-year financial projection shows the
viability and profitability of the product. Payback period for investment is less than a year or over
ten months and return of investment is 117 %, a very profitable business . To test the viability,
semi-commercialization of the product through building a pilot plant at the Philippine Nuclear
Research Institute (PNRI) compound. Hydrogels will be produced in two sizes 4” X 4” and 8 X
8” at 200 pieces per day. Semi-commercialization is being funded by the Technology Incubation
for Commercialization (TECHNICOM) Program of the Department of Science and Technology
(DOST). The program aims to provide technology to the country's micro, small and medium
enterprises (MSMESs) by encouraging scientists and inventors to solve business problems through
technological intervention.

The PNRI and St. Raphael Lifeline Company have agreed on the terms of the licensing
agreement for the commercialization of the PVP-Carrageenan hydrogel. The St. Raphael Lifeline
Company has submitted a Letter of Intent to undertake this work with the PNRI. The said
company will establish trial centers at major hospitals to do market acceptability testing of the
product. BFAD approval will also be sought by St. Raphael Lifeline Company with technical
assistance from PNRI. After the marketability testing, the technology will be transferred
completely to the company.

3. Preparation of Carrageenan Oligosaccharides

Degraded carrageenan by irradiation in powder and aqueous has been characterized .
Carrageenan oligosaccharides with molecular Mw 5000 ~ 10000 were obtained using three
different irradiation processes shown in Table 1. High dose irradiation for powder is not favorable
for oligosaccharide production since it leads structural damage of the carrageenan structure at 200
kGy and above. This was proven by dynamic light scattering studies of irradiated carrageenan > .
Low dose irradiation is suitable for production of oligosaccharides from carrageenan. This was
done using dilute solution of carrageenan or using low molecular weight (LMW) carrageenan in
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concentrated solution as starting material. The first two processes required post-irradiation
treatment of fractionating the carrageenan oligosaccharides and concentrating the dilute solution.
Techno-economic feasibility of the three processes will be undertaken.

Table 1 Process for preparation of carrageenan oligosaccharides

Type of carrageenan Irradiation condition Bioactivity testing

kappa and iota Solid state, 100 kGy, ambient Rice seedling/Vegetable by hydroponics
kappa 1 %, 30 kGy Tissue culture of potato

Hydrolyzed kappa 4 %, 15 kGy Seed germination of soybean

4. Innovative Discovery in Radiation Processing
4.1 Animal study of chitosan-PVP hydrogel

Vesicoureteral reflux (VUR) refers to the retrograde flow of urine from the bladder into the
upper urinary tract. It predisposes an individual to renal infection or pyelonephritis by
facilitating the transport of bacteria from the bladder to the upper urinary tract ”. Endoscopic
treatment of VUR has gained favor in recent years as a therapeutic alternative to long-term
antibiotic prophylaxis and open surgery in 90 % of cases due to the following factors: minimally
invasive or no incision, immediate protection against further reflux associated renal damage, high
success rate, low morbidity, and the advantage as an outpatient procedure. Using different tissue
augmenting implants injected in the periureteral area, a cure rate of 75 % has been achieved with
one injection and of 90 % after two or three injections for grade I — IV reflux. Chitosan-PVP
solution was crosslinked and sterilized by gamma-ray irradiation. Concentration of PVP and
chitosan and irradiation dose was optimized so the gel can have a high insoluble fraction and will
pass the G26 needle. Different molecular weights of chitosan were also tried. Figure 1a shows
the Chitosan-PVP injectable gel. Animal testing of the gel was undertaken at the University of
Santo Tomas Hospital (Figure 2). In this study, Chitosan-PVP hydrogel showed promising results
as a possible ideal tissue augmenting implant for endoscopic treatment of VUR. It maintained
its viscosity enough to allow easy injection to as small as G26 needle which is smaller than the
standard Deflux metal needle (3.7FR X 23G [tip] X 350 mm), which is used in actual periureteral
injection of Deflux in patients with vesicoureteral reflux. At the same time it maintained its
stability over time.

Fig. 1 a) Chitosan-PVP injectable gel and b) gel passing into G26 needle

The observed decrease of subcutaneous nodule volume and initial volume of the
chitosan-PVP group from implantation to 6 months post-implantation is still clinically and
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statistically comparable with the Deflux group (Figure 3).
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Fig. 3 Change in Bulge Mean Volume of gel afier 6 months of implantation in rat

Both groups grossly retained their subcutaneous nodules and the implants within these
nodules were retained after 6 months. The Chitosan-PVP gel implant can be considered
biocompatible due to absence of gross local tissue inflammation, abscess, and tissue necrosis.
Histologically, minimal local inflammatory reaction was noted with absence of granulation tissue,
foreign body reaction, and scar formation. This new implant can also be considered
non-migratory with the absence of inflammation, foreign body reaction, necrosis, or scarring in
the liver, kidneys, and lungs.

4.2 Synthesis and radiation crosslinking of carboxymethyl k-carrageenan (CM-kC)

Recently, studies have been carried out on polysaccharide derivatives to attempt
radiation-induced crosslinking of these materials under various experimental conditions. It was
discovered that water-soluble polysaccharide derivatives like carboxymethyl cellulose (CMC),
carboxymethyl starch (CMS), carboxymethyl chitin (CMCT) and carboxymethyl chitosan
(CMTS), predominantly undergo crosslinking reactions when irradiated as highly concentrated
aqueous solution in paste-like state **'”.  With this successful scientific effort, the idea of
derivatizing carrageenan by carboxymethylation process was put into research study in order to
widen the application of carrageenan. Carboxymethylation of k-carrageenan was accomplished
by using the following reaction parameters: reaction medium, 80:20 isopropyl alcohol/water;
NaOH, 4.5 moles/ disaccharide unit of k-carrageenan; monochloroacetic acid (MCA), 2.5 moles/
disaccharide unit k-carrageenan; reaction temperature, 40°C; and reaction time, 3 hours. These
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parameters were also used for multi-step carboxymethylation. Multi-step carboxymethylation is
needed for the preparation of carboxymethylated k-carrageenan (CM-kC) with high degree of
substitution (DS). High DS is favorable to crosslinking ®~'%. The presented data (Figure 4) is for
the CM-xC prepared by 2-step carboxymethylation.
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Fig. 4 Gel fraction and swelling of CM-xC hydrogel at various concentration as a function of radiation

dose

The graph shows the dependence of gel fraction on concentration of polymer. Increase in
concentration led to increase in gel content. The effect of CM-kC concentration on the
crosslinking dose was also evident from the graphs. Increase in concentration of the polymer
resulted to a decrease in crosslinking dose. The crosslinking dose is defined as the lowest dose
where a measurable gel fraction is obtained. Figure 4 shows that hydrogel absorbs 100 ~ 200 g
water/g dried gel depending on the dose and concentration of CM-kC.

5. Upgrading of PNRI Multi-purpose Co-60 Irradiation Facility

The present Co-60 loading (about 37 kCi) and manual product handling system translate to
a low throughput of the facility. PNRI cannot meet the demand for radiation treatment of other
products from new clients. Thus, currently a project is being implemented with the technical
assistance from the IAEA, the DOST, and the Department of Agriculture (DA) to upgrade the
pilot scale gamma irradiation facility at PNRI to a semi-commercial one. This entails the
modification of its source rack, installation of a product handling system and loading additional
Co-60 source. Modification of the source rack will increase the Co-60 positions in the rack,
allowing loading of more Co-60 pencils without removing the old ones. Installation of a product
handling system and increasing the Co-60 loading will improve the performance of the irradiator,
resulting in a higher throughput for the facility. Table 2 shows the projected capacity of the
semi-commercial irradiation facility in terms of mango irradiation. The upgraded capacity is
estimated based on the following assumption.

1) Activity of source as of 2005: 50 kCi, Total activity of source by 2007: 140 kCi
2) Additional 30 min/load for loading and unloading

3) Full operation (8000 hrs/yr)

4) Box Size of Mangoes: 46 X 32 X 14 cm

5) Tote Box Size: 70 X 50 X 90 cm
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Table 2 Projected capacity of semi-commercial Co-60 irradiation facility (Mangoes)

Parameters Present Upgraded
Min. dose (kGy) 0.3 0.3
No. of bags or boxes/load 48 180
Volume/load (m?) 1.0 3.8
Irradiation time (hrs) 0.9 0.4
Total time/load (hrs) 1.4 0.9
No. of loads/year 5,882 9,302
Total volume/year (m’) 5,929 35,163
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