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Radiation Crosslinking of Polymer Blend System
Radiation degradative polymer blended with Radiation

Crosslinking Polymer

Jiazhen Sun
Changchun Institute of Applied Chemistry,

Chinese Academy of Sciences ,Changchun 130022, P.R.China

Many kinds of shape memory effect materials can be produced by
radiation crosslinking of polymer blends system. So that the research
work on the radiation crosslinking of polymer blends system has drawn
the interest of scientists. But until now the research work on this field
remain little. The reason is due to the secret of the technique.

We have been studying a series of different composition of polymer
blend system and discovered many new interest phenomena especially at
the phase inversion region in which radiation crosslinking behavior of
polyblend system is more attractive.

We discovered that in the region of phase inversion some radiation
degradative type polymer when blended with radiation crosslinking type
polymer and then irradiated , we can get interest results. The
crosslinking type polymer can promote the degradative type polymer to
form crosslinking structure.

PMMA/PEO polyblend system is an example, PMMA is a typical
radiation degradative type polymer, but when it is blended with PEO and
then irradiated at the phase inversion region, we can get partly
crosslinked PMMA, and beside this region only radiation degradation
occurred. This is a new result.

The another example is PIB. It is also a typical radiation degradative
type polymer. When we blend it with 1,2-PB, LDPE and EPR and then
irradiated, we also got partly crosslinked PIB at the phase inversion
region. The degree of crosslinking is dependent on the compatibility of
the polymers in the blend systems.

From these results we can say that the radiation crosslinking behavior

of polyblend at phase inversion region has speciality which is different

from the ordinary condition.
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Vdepartaient of Radiation Chemistry arid Technology
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: 'vl:i_ Heat: sHnrtjcable tubes and itapes made of irradiated p^lyetaylen&h&yebefea produced
f̂ H ̂ e&s. t h e memory effect of-such products is widely used 'in many indusirial
^lication^/.N4wtypes of polyefliylene based materials offered on the ffiarkpfc, economic

: and;customer demands are creating a broad field for research and development in polymer
radiation processing technology; Ldiwer dose required in radiation indiicedJcroasliaking
p^pes??and better performances; of the final products are typical scopes ofjthe research what

.; leai|s to better economic parameters' and better response on customers: darijetdd^ regarding

.study have been started at INCT on development new PE compos&es better suited
sHxirikable products application properties. The effect of electron beam irradiation

Qnj.|i(!ends of the LBiPE with some polymers and their mixtures have been studied. The
j$|l|w|i:g;coiripoiQeQts have been applied: ' •'•• , '..;:''';;;•.

;i^Ey^ copolyiners with different melt flow index and vinyl acetate-content,'

. and iohomeric resins. "I- \ ::
:
:
 : •

• • ;;^ffe^effectiveness of the gel-forming process under influence of radiation in dose range
Sifef §0;kGy has been investigated for prepared mixtures. The obtained respltsiare
sigittfieantly differ for those which are related to pure LDPE samples. Particularly the dose
WJStch is required for crrosslinking process was significantly reduced.,'The mechanical
properties were: investigated using Instron machine. Rheorogical properties iiave been
ev||uated in apparatus for examination of visco-elasticity performance. The. obtained results
' were compared: with some commercially available PE materials. " :
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Thermal and Radiation Degradation of PVC Cable Material*

B. BartonKek, V. Hnfit, B. Otihal, V. Placck

Nuclear Research Institute Rei pk .
250 68 R e t Czech Republic

XA0056189

Thermal and radiation degradation of representative PVC cables

(manufactured in the former Soviet Union) used in Czech nuclear

Dukovany has been investigated. The experiments carried out in presence

air confirmed that oxidation is one of the dominant ageing mechanisms

thermally and by radiation.

The most significant environmental stressors for cable

temperature, radiation dose rate and the presence of oxygen. Real service

synergistic effects between two or more of the stressors. The effect of

thermal and radiation ageing on degradation was found. From a table

radiation ageing followed by thermal ageing is more severe than in reverse

mater als
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RADIATION PROCESSING OF BIODEGRADABLE POLYMER (1)

CROSSLINKING OF ALIPHATIC POLYMER AND ITS APPLICATION

F. YoshiiW, D. Darwis(2), P. Nugroho^ and H. Mitomo<2)

(1)Takasaki Radiation Chemistry Research Establishment, JAERI

Watanuki-machi, Takasaki-shi, Gunma-ken, 370-1292, Japan
(2) Department of Biological and Chemical Engineering, Gunma University,

Kiryu, 376-0815, Japan

Aliphatic polyester such as poly ( s -caprolacton), (PCL) and poly (butylene succi-

nate) (PBS) are known as biodegradable polymers and often are used as plastic packaging and

medical devices. These polymers have two disadvantages, which is low heat stability and poor

processability. It is expected that such problems can be solved by radiation crosslinking tech-

niques.

Crosslinking behavior at supercooled state

PCL was irradiated at various phases such as solid, molten and supercooled state after

melting. The result is shown in Figure 1. Gel content increases rapidly with irradiation dose up

to relatively high dose and follows by a steady increase at much higher dose. The gel content of

irradiated PCL in the supercooled state is higher than that of molten and solids states at given

dose. In crystalline polymers, crosslinking readily occurs in the amorphous region upon irradia-

tion. Thus, irradiation of PCL gives the most desirable effects at the supercooled state, when the

polymer still maintains its amorphous phase , due to slow crystallization process after melting.

Hence it gave the highest gel content. Radiation yield G (X) is 0.7 in crosslinking at supercooled

state. Heat stability of PCL increase as result of formed crosslinks.

Improvement of processability

The processability of unirradiated

PCL is insufficient. When the sample was ir-

radiated at relatively low dose, 30 kGy,

processability was improved, but this applied

dose, 30 kGy is not enough to enhance heat

stability of PCL. PHB002 (PCL/PBS) pos-

sess high heat stability, but such blend had also

poor processability. Hence, PHB002 was ir-

radiated at 30 kGy in enhancing the melt

strength. Figure 2 shows dynamic mechani-

cal properties of irradiated PHB002. It can be

ieen that dynamic modulus (E') dropped rap-

idly above the melting point, lOO'C, for
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Figure 1 Radiation crossliking of PCL at

various conditions
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Figure 2 Dynamic modulus of irradiated PH002 (PCL/PBS blend)

unirradiated sample due to melting of crystalline. On the contrary, irradiated sample at 30 kGy

shows a steady decrease in E' up to 230°C. A higher dynamic modulus of the irradiated sample

at an elevated temperature is probably due to the branch structures formed during irradiation. It

is confirmed that molecular weight of 30 kGy irradiated sample increase to twice by inducing of

branch structure. At such irradiation dose, the range of temperature of molding is extended.

Because the higher dynamic modulus is kept above the melting point, the melt down of the

polymer during the blowing process in the molding is prevented. Molding speed of irradiated

sample is 10 times faster than

that of unirradiated one and

molding of thin film, 7 p. m

became possible. As shown in

Figure 3, improvement of melt

strength by irradiation is effec-

tive for producing of foam.

Pore size can be controled by ir-

radiation dose. The film and

foam degraded in composting

or soil even after introduction of

branch structure.

1 mm

Figure 3 Cross section of foam prepared by irradiation.

References

L J. V. Koleske, Polymer Blends, vol.2, Academic Press, New York, 1978, p. 369

2. D. Raghavan, Polymer Plastics Technology Engineering, 34, 41 (1995).

3. A. Iwamoto and Y. Tokiwa, Polymer Degradation and Stability, 4 5 , 205 (1994).



IAEA-SM-365/5 XA0056191

THE FACTORS AFFECTING THE EB CURING OF EPOXY RESIN

IN THE PRESENCE OF CATIONIC INITIATOR

H.L. WANG, W.X. CHEN

Department of Chemistry, Beijing Normal University (BNU), Beijing 100875,

China

J.W. BAO

Beijing Institute of Aeronautical Materials (BIAM), Beijing 100095,

China

The factors affecting the radiation curing of epoxy resin in the presence of cationic
initiator are briefly studied in this paper.

A weighed epoxy resin, cationic initiator and additive are mixed homogeneously in
beaker. The prepared samples are irradiated under Electron Beam (EB), dose rate is 6kGy/m.
After irradiation, the samples are extracted by acetone in Soxhlet, then dried in vacuum.
Curing Percentage is measured by weighing the samples before and after extraction, curing
degree is measured by FTIR method.

The EB curing of several epoxy resins in the presence of cationic initiator 1012 is
shown in Fig. 1. In all the epoxy resin used, the epoxy resin 616, 331 are very easy to cure;
whereas, the epoxy resin 771 is very difficult to cure.

Dose (kGy)

FIG. 1. The change of curing percentage of epoxy resins added cationic initiator 1012 with
radiation dose.

As shown in Fig. 2, in all the initiators, diaryliodonium salt 1012 shows the best
effect to initiate curing, triarylsulfonium salt 1010 can initiate the EB curing of epoxy resin
also, iron arene complex 261 can not initiate the EB curing of epoxy resin 331. The reaction
mechanisms of different cationic initiators are discussed. [1,2,3]

In all the additives, diphenylketone and iodine are helpful to the curing reaction;
however, phenol and phenol and hydroquinone restrain the curing reaction.

The effect of solvent on the EB curing of epoxy resin is also studied. It is found
that when benzene is added in the curing system of epoxy resin 616 added cationic initiator
1012 (shorten as 616+1012), the curing reaction is almost not affected, when alcohol is
added, the system can not cure.
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FIG. 2. The change of curing percentage of epoxy resin 331 added different cationic
initiator separately with radiation dose.

The effect of reaction temperature on the radiation curing of 616+1012 is studied in
the temperature range of-185°C to 92°C. The radiation curing is not affected by
temperature greatly. The curing percentage of 616+1012 is almost the same when irradiated
at different temperature. The curing degree of 616+1012 increases with temperature slowly
(as shown in Fig. 3).
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u
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FIG. 3. The change of curing degree of 616+1012 with radiation temperature.
It is found that the curing percentage of curing system 616+1012 irradiated in

Nitrogen is lower than that in air at the same radiation dose when the dose is lower than
24kGy. When the radiation dose is higher than 25kGy, the radiation curing is not affected
by radiation atmosphere.

After effect is found in all the curing systems used above.
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ELECTRON PROCESSING OF ADVANCED COMPOSITES FOR
AEROSPACE APPLICATIONS

V. LOP AT A, A. PUZIANOWSKI, C. B. SAUNDERS, J. W. BARNARD
AND T. M. STEPANIK
Acsion Industries Inc.
Pinawa Manitoba, Canada, ROE 1L0

The properties of advanced composites (high strength-to-weight and stiffhess-
to-weight ratios, corrosion resistance, and excellent wear-, impact-, and damage-
tolerances) are making the use of these materials more prevalent within sectors such as
the transportation, infrastructure, sporting goods and the military industries. Composites
are presently cured using high temperatures and pressures in autoclaves (thermal
curing). Thermal curing has several limitations which restrict its versatility and use.
These include the need for expensive tooling materials to control the dimensions and
shape of composite products during the heating cycle, the introduction of internal stresses
within the composite upon thermal cycling, significant waste due to autocuring of prepreg
materials, and the use of hazardous chemicals as hardening agents.

Electron (EBeam) curing has several advantages over thermal curing (1).
These include the ability to cure at near ambient temperatures, eliminating the need
for expensive tooling materials and limiting internal stresses within the product; fester
curing rates; stable resins which reduce waste, and; the elimination of toxic agents.
The overall result is a process that is more economical and promotes a safer working
environment.

Acsion staff have been at the forefront in developing EBeam curing for
advanced composites containing epoxy resins (2). Acsion is participating in
programs that are geared to establishing EBeam curing as a method for manufacturing
composites for aerospace applications and also as a method for repairing damaged
composite components on both commercial and military aircraft. The fabrication of
cryogenic fuel tanks in cooperation with Lockheed Martin Aeronautics is one
example of an EBeam curing program geared to manufacturing. Lockheed Martin and
NASA are developing the X-33 reusable launch vehicle (RLV) to demonstrate that
cheap, low-risk and routine access to space is possible. The X-33 is intended to be a
half-scale forerunner of the Venture Star, the next generation space shuttle. The fuel
tanks for the X-33 will hold liquid hydrogen (LH2) and oxygen and will be inside the
RLV. Lockheed Martin Aeronautics is interested in using composite LH2 tanks. As
part of their development program, Lockheed Martin Aeronautics is working with
Acsion to investigate the feasibility of fabricating the composite LH2 tanks using
EBeam curing. The fabrication of a one-tenth scale model of the Venture Star LH2
tank is presently underway at Acsion.

Acsion is also developing EBeam curing as a method for repairing
composite parts on aircraft. Acsion is conducting repair trials in collaboration with
Air Canada (3). At present one trial involving repair of a fairing on the fuselage of
an Airbus aircraft has been completed and a second trial is now in progress.
Another trial has begun which involves an EBeam repaired engine cowl. Over 700

11



hours of flight time have been logged and the repaired cowl is performing
according to expectations.

Based on the success experienced with commercial aircraft repair, Acsion
is proposing to extend EBeam repair to include both existing and future generation
military aircraft. The joint strike fighter (JSF) program is a multibillion dollar
multinational program lead by the US and the UK to build the next generation of
fighter aircraft. The second phase of the program, the $25 B US Engineering and
Manufacturing Development (EMD) phase, is scheduled to run for 11 years
starting in 2001. As part of the Aerospace Industries Association of Canada
(AIAC), Acsion is proposing to provide proprietary repair technologies towards
Canada's contribution to this program. If this proposal is adopted by the Canadian
Government and leads to a level III participation in the program for Canada, the
return to AIAC members is projected to be $70 M worth of work in the EMD
phase, rising to $6.2 B in anticipated business in succeeding phases of the
program.
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Development of SiC/SiC Composites from Precursor Polymer
by Radiation Application

Masaki Sugimoto, Yousuke Morita, Shigeru Tanaka, Tadao Seguchi,
Masayoshi Itoh* and Kiyohito Okamura**

Japan Atomic Energy Research Institute, Takasaki Radiation Chemistry Research Establishment
1233 Watanuki-machi, Takasaki, Gunma 370-1292, Japan

*Material Science Laboratory, Mitsui Chemicals, Inc.,
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The ceramic matrix composites (CMC) with high strength and heat-resistant
materials are strongly required for the advanced technologies such as nuclear fusion
reactors and space planes. Silicon carbide (SiC) fiber has high potentiality for the fiber
reinforcement. We had succeeded to improve the heat resistance of the fiber by
decreasing the oxygen content, using electron beam (EB) irradiation in the curing
process '1>2'. The processing of silicon carbide (SiC) fiber reinforced SiC composite
has been studied in the recent two decades and several manufacturing processes were
developed f3>4'5'. Polymer impregnation and pyrolysis process (PIP) has been well
studied, but the process needs to repeat the impregnation by several times. *4' In our
process, EB irradiation was applied for the curing of the impregnated polymer as matrix.
Also, new polymer such as polyvinylsilane (PVS) was incorporated into the precursor
polymer (PCS).

The fabrication process of SiC/SiC composites is shown in Fig.l. Polycarbosilane
(PCS) and PVS are dissolved in benzene and impregnated into two-dimensional woven
SiC fabric (Hi-Nicalon®). After impregnation, the material was heated up to melting
point of the blend polymer, and formed to sheet by press machine. The pre-ceramic
composite was irradiated up to 15 MGy by 2 MeV-EB in helium at ambient temperature
for curing of polymers in the composite, and then fired at 1373K in argon.

Fig. 2 shows the photograph of the final SiC/SiC composite. By applying EB
curing technique, the shape and the size of the composite do not change between before
and after firing. The fiber volume fraction of the SiC/SiC composite could be
increased up to over 50%, which is very high in the case of 2D-reinforced CMC.
Fig. 3 shows stress-strain curves of the SiC/SiC composites measured by the 3-point
bending test at room temperature. The sample B shows ductile properties. The
fracture profile was much improved by blending PVS in PCS.

By applying EB irradiation technique for SiC/SiC composite processing, single time
impregnation of matrix polymer could be enough and the properties of the obtained
composite showed high performance.
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1. M. Sugimoto, K. Okamura, and T. Seguchi, pp. 293-298 in Proceedings of the 2nd

International Conference on HT-CMC 2, 1995, in Santa Barbara, California.
2. M. Sugimoto, T. Shimoo, K. Okamura, and T. Seguchi, J. Am. Ceram. Soc, 78 [4]

1013-17 (1995).
3. K. M. Prewo, J. J. Brennan, and G. K. Layden, Am. Ceram. Soc. Bull. 65, 305 (1986).
4. R. R. Naslain, Key Engineering Materials Vols. 164-165 (1999) pp.3-8, Trans Tech

Publications, Switzerland
5. M. Sugimoto, Y. Morita, T. Seguchi and K. Okamura, Key Engineering Materials

Vols.164-165 (1999) pp.11-14, Trans Tech Publications, Switzerland
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Fig.l Fabrication process of SiC/SiC composites
by radiation curing.
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Fig.3. Stress/strain curve of SiC/SiC composite.
A: PCS impregnation.
B: Blend polymer (PCS+PVS) impregnation.
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Radiation Crosslinking Process for Polytetrafluoroethylene Composites

Akira Udagawa, Akihiro Oshima and Shigeru Tanaka

Japan Atomic Energy Research Institute (JAERI), Takasaki Radiation Chemistry Research

Establishment (TRCRE), 1233, Watanuki-machi, Takasaki, Gunma, 370-1292 JAPAN.

Corresponding author's e-mail address: udagawa@takajaeri.go.jp

Fabrication of fiber-reinforced plastic (FRP) composites was examined based on carbon or glass

fiber and polytetrafluoroethylene (PTFE) which was crosslinked by electron beams (EB) irradiation.

Impregnation of PTFE to the fiber was carried out with several times of soakage of the fiber in the

liquid polymer dispersion. A sheet of pre-fonning prepared under pressure at around lOMPa was

irradiated by EB for crosslinking of PTFE as a matrix. The EB irradiation was conducted at 335^)15^

in argon gas as reported previously [1-3]. Laminate panels were fabricated by means of compression

molding in its molten state from a sheet of pre-forming by lay-up of optional ply before and after EB

irradiation. The three-point bending test specimens were cut from the panel to evaluate performances of

the composites. Tensile test was carried out with a sheet of pre-forming after crosslinking.

Figure 1 (a) shows the photograph of the laminate panel fabricated with plane woven carbon

fiber (TORAYCA® T-300, #C06142; 500kGy for crosslinking of matrix; 12-ply). The flexural strength

and the modulus of the panel were about 138MPa and 28GPa, respectively, as shown in Table 1. The

PTFE composites obtained by radiation-crosslinking show the high mechanical properties compared

with those of a ready-made PTFE composite. However, the flexural property is a bit poor compared

with those of usual FRP, that means, it is lower than the theoretical value. Fracture mode of the

composites when three-point bending test was carried out, indicated that fracture energy was released

gradually with the displacement. The fracture surface observed by scanning electron microscope

(SEM) is shown in Fig. 1 (b) and (c), where fibers were pulled out and a resin was torn between fibers

in a laminate. It is thought that the toughness of resin matrix would be poor in this composite. For the

fabrication of laminate panel with higher mechanical properties, it is necessary to enhance the

toughness of crosslinked PTFE.

On the other hand, tensile strength of the one-ply sheet which consists of plane woven glass

fiber (TEXTOGLASS®, #KS2483) and crosslinked PTFE (200kGy for crosslinking) was 3OOkgf/3cm,

as shown in Table 1. This strength of one-ply sheet satisfied the J1S regulation for the membrane

structure such as air-dome building. The crosslinked PTFE has the visible light-transparency due to the

decrease of crystallite [4].

For the reason mentioned above, while this process is assumed to fabricate FRP panel, the results

would be well applicable to the sheet materials and the membrane structure. Therefore, it is convenient

process to make the sheet materials by EB irradiation.

15



Fig.l The features of the laminate panel fabricated with plane woven carbon fiber (TORAYCA® T-300,
12-ply). Conditions of EB irradiation for crosslinking treatment: 2MeV, 500kGy, S S S t in argon,
(a): Over-view of crosslinked PTFE / carbon fiber composite. The material size is 140mm long, 80mm
wide and 2mm thick, (b) and (c) : SEM photographs of the fracture surfaces of the panel after
three-points bending test.

Table 1 Mechanical properties of the laminate panel with 12-ply fabricated with plane woven carbon
fiber and one-ply fabricated with plane woven glass fiber.

Crosslinked PTFE

Flexural strength

138MPa

* / Carbon fiber
Flexural modulus

28GPa

Crosslinked

Tensile strength*
300 kgf73cm

PTFE* / Glass fiber

Tensile strength
188MPa

* 500kGy for crosslinking. * 200kGy for crosslinking. T JIS L1096.

[1]

P]

[3]

[4]
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Radiation synthesis and characteristic of polyDMAEMA
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Abstract

A hydrogel is a kind of polymer which can be swollen but can not be dissolved in the water. There

are some hydrogels which can be modulate the swelling ratio in response to environmental stimuli

such as temperature, pH, and electric field. In recent years, the synthesis and characteristic study

of environmental sensitive hydrogels became more important'1"'31. N,N'-Dimethylaminoethyl

methacrylate (DMAEMA) has similar structure with N-isopropylacrylamide, which is a kind of

typical temperature sensitive hydrogels. So DMAEMA was also classified into this kind of

hydrogels1"-5'. In this work, the polyDMAEMA hydrogels were synthesized through radiation

technology. The measurement of property showed that they had standard temperature and pH

sensitivity, but the electric sensitivity was not obvious functions.

/. Radiation synthesis of polyDMAEMA hydrogels

The aqueous solution of DMAEMA and crosslinker (N,l\F-methylene-bis-acrylamide) was

prepared and bubbled with nitrogen for 15 min. Then the glass tube was sealed and irradiated by

y-rays from 60Co source at room temperature. Gel fraction was use to measure gel yield. It

increased with dose and leveled off around 18 kGy, and the dose rate had no effect on gel fraction.

The effect of monomer and crosslinker concentration in aqueous solution on the gel fraction also

investigated. The results showed that 1% (g/v) of crosslinker and 40% (v/v) monomer were

enough to get stable value of gel fraction.

2. The characteristics of polyDMAEMA hydrogels

2.1 Swelling behavior

The polyDMAEMA hydrogels showed good swelling performances. The equilibrium degree of

swelling decreased with the increase of monomer concentration in the solution from which the

polyDMAEMA was made. For example, the equilibrium degree of swelling is about 870 for 30%

monomer concentration while 510 for 50%.

2.2 pH-sensitivity of polyDMAEMA hydrogels

Obvious pH-sensitivity was observed from the polyDMAEMA hydrogels. The sensitive point was

around ph=2.5. The swelling ratio as a function of pH value showed in Fig. 1.

2.3 The thermally reversible behavior

One of the essential requirements for thermally reversible hydrogels is the coexistence of

hydrophilic and hydrophobic groups within a molecule and they must be matched well with each

other. The polyDMAEMA hydrogel possesses such structure and showed temperature sensitivity

at a temperature range of 38~40°C.

2.3 Electric responsive behavior
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Usually, the pH sensitive hydrogels have also electric responsiveness which would be more and

more important in practice, such as in bisensors'61. The polyDMAEMA hydrogels also exhibited

the electric responsiveness at a field voltage of approximately 3.0, although it was not so typical.
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ABSTRACT.

In this work , the post—effects on irradiated Polymers was

investigated. The structure and behavior of trapped radical generated

in irradiated Polymers, the radical conversion during heat treatment or

lay aside in the different physical and chemical condition after

irradiation, in which including chemical reactions, structural transform,

properties changes and its mechanism was studied by using ESR.DSC,

dielectric spectrum, WAXD, SAXS, and gel fraction measurement

techniques.

The result indicated that for irradiated polymers, the radicals

induced by radiation was mainly in the interface region between

crystalline and amorphous regions of the Polymer . The increase in gel

fraction (Post—crosslinking) during heat treatment after irradiation is

result of the releasing and reaction between trapped radicals in the

irradiated samples, during lay aside after irradiation because of 02

diffusing into the interface and amorphous regions of the irradiated

sample and reaction with the radicals trapped, Post—degradation of

macromolecules will occur.

The results also show that the presence of Multi-functional

monomer ,causes intensity of the trapped radical to decrease . The

post—-effects of irradiated polymer is also lead to structure changes of

aggregte state of the sample.

The post—effects of irradiated polymers can be controled and

used to a greater or lesser extent in the radiation processing of

polymers.
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Composites with desired properties can be made by incorporating particulate
fillers into a polymer matrix to suit various applications [1-5]. The rubber
industry has long utilized the addition of finely divided particulate fillers, such as
carbon black and silicate, to polymeric materials.
The purpose of this study is to prepare a new composite material consisting of
ploy (butyl methacrylate) or ploy (methyl methacrylate) - gypsum, which would
account for different thermal and mechanical properties.
Natural gypsum and chemically pure Calcium Sulfate dehydrate powders were
used for preparing the mixtures as follows:
Natural gypsum powders, dried natural gypsum powders, pure Calcium sulfate
powders, and dried pure Calcium sulfate powders were used for the preparation
of the monomer / powder mixtures.
Two monomers (butyl methacrylate, methyl methacrylate) were mixed with the
gypsum powders so that we obtained eight different mixtures. These were
subjected to a Gamma cell 60Co y irradiator (Russian type: Issledovatel - 6.8 kCi)
and exposed to different doses at room temperature and a dose rate of 3.3 kGy/h.
The prepared composites have been investigated using thermogravimetry (TGA)
to follow the kinetics of the polymerization reaction. The conversion rate was
studied in relation to the used dose for the eight prepared composite systems.
The conversion data of the prepared samples are plotted against the absorbed
dose (Fig. 1) and shows that a total conversion of the polymerization reaction can
be achieved using a dose of about 16 kGy.
There are some differences in the reaction rate of the different composite
systems. Only the reaction rate of the composite system, dried natural gypsum +
butyl methacrylate, seems to be rather faster than by the other systems.
A reasonable explanation for this behavior was not found.
Differential scanning calorimetry (DSC) and thermomechanical analysis (TMA)
have been used to locate the glass transition temperature (Tg) of the prepared
samples. Polymer/ gypsum/ composites and pure polymers of both monomers
(MMA, BuMA) were prepared using a dose of 20 kGy. The glass transition
temperature of poly (methyl methacrylate) was determined to be about 123 °C and
does not show a significant difference compared with the glass transition
temperature of poly(methyl methacrylate)/ gypsum/ Composite.
The glass transition temperature of the prepared pure poly(butyl methacrylate)
was also determined using both techniques to be 29 °C. The values of the glass
transition temperatures of the gypsum / polymer / composites and the pure
polymer, poly(butyl methacrylate), do not show a significant difference.
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Radiation modification polymers to enhance their mechanical and physical

properties, its ari ctjttibliyhed technique said has been successfully employed to

prepare novel materials. However presently it is being investigated for

improving natural polymers such as cellulose, chitin, silk and starch.

Alternatively, blending of these natural polymers with synthetic polymers such

as PE, PVA, PVP, PP etc. and using radiation to produce blends of composite

material with desirable degree of improvement has opened up an area of

immense potential. India has a special interest in this technology in view of

vast icsuuiucs uf agiu-wastco ]ikc grain hu.sk, bagasse, straw euld saw duot. At

the Radiation Technology Development Section, BARC, radiation technology to

utilise some of these natural polymers to blend with PE to produce

mechanically strong films with pronounced degree of biodegradability is

developed.

Virgin LDPE granules were blended with natural polymers such as

cellulose and starch, the films (0,2mm thick) containing upto 10% (w/w) of

natural polymers were prepared on a two-roll mill. Similarly PE films

containing agro-waste, namely bagasse, rice husk and saw dust were prepared.

The role of pre irradiation of natural polymers was studied. It was found that

pre irradiation of the filler to a dose of 500 kGy, improved the biodegradability

of the resultant films significantly. The films were buried in moist garden soil

for 42 to 180 days , the loss in weight and any signs of perforations or erosion

were noted. The biodcgradability was found to depend upon the % water

absorption of the films. Figure 1 & Figure 2 show the results with various

blended films. It is proposed to scale up the process for technology transfer to

industry.

The films thus made exhibited good tensile strength (-75 kg/cm2). The PE

films prepared from blends of starch or cellulose did not exhibit any

biodegradability ; interestingly they exhibited poor (71 %) water absorption

while agro-waste filled PE films exhibited better (~ 4%) waLcr absorption.
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A large scale PE agro-waste film production facility is presently being

installed. The agrowasLc will be irradiated with a 2 MeV EB accelerator, while

the blended PE film will be processed by a 500 KeV 10KW EB accelerator.

Super absorbing hydrogels based on radiation modified natural polymers

have potential applications in health- care industry and agriculture. Super

absorbent hydrogels with water absorption > 500 gms water/gm polymer, were

prepared with radiation grafting of acrylic acid on to carboxymcthyl cellulose

(CMC), by simulLancous irradiation technique. A gamma dose of 4 kQy was

found adequate to yield a. product with good water uptake. Tlie water uptake

was studied vis-a-vis addition of various catiori3 , surfactants, urea, and

HEMA. Maximum waLer absorption was observed with triton X-(0.5%).

These gels were studied for their toxicity towards soil microflura. and

germination, and were found safe in both these aspects.
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Radiation grafting onto starch has been carried out to Irain undergraduate
students to understand grafting onto powder substrate, characterization and
application of the end products. Rice starch was utilized, and pre-irradiated in air
by gamma rays from a 60Co source. The grafting reaction was performed under
reduced atmosphere at elevated temperature. Acrylic acid (AAc) monomer was
diluted with distilled water to various concentration The grafting parameter was
grafting yield or degree of grafting (%G). Characterization of the grafted
samples was performed by infra red (ir), thermal analysis, and ion absorption
capacity was tested on Cu2+ ions in the buffer solution for 60 min.

The rate of grafting is largely dependent on the concentration of
monomer, initiator, and the polymer backbone, regardless (he initiation mode '
The native starch was irradiated al low dose rate (1.5 kGy/h) to achieve total
dose of 5 to 10 kGy. The optimum temperature for grafting was 40°C, but the
grafting yields (%G) depend on the monomer concentration at a constant starch
concentration.

Tabel 1. Yields of grafting (%) onto Rice Starch (40°C x 60 min.)

Dose
(kGy)

5

7.5

10

10% AAc

Starcli

1.67

4.80

2.34

Amylo
pectin

4.78

8.89

6 51

30% AAc

Starch

12.05

12.06

13.44

Amylo
pectin

22.69

23.75

24.54

50% AAc

Starch

32.51

36.09

24.31

Atuylo
pectin

41.32

43.53

Grafting yields of starch tend to decrease with dose (Table 1). The low-
yields at low AAc concentration (10%) were caused by the lack of monomer
supply. The decrease with dose at high concentration (50%) accompanied by the
increase of solution's viscosity which indicaU-.il homopolymcii/.n(K>n of AAc.
The excess hydroxyl radicals originated from the peroxides decomposition,
initiated this homopolymerization.2 Removal of the amylose from the starch
increased the yields. The results suggested that amylose (20% of the starch) has
inhibited the monomer diffusion into the amylopectin.
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The capacity of ion absorption was examined by using Cu2' solution (500
ppm) for 60 min. The results showed that the absorption capacity was in the
range of 1.25 - 1.69 meq/g powder for the highest grafting yield (35%),
regardless the removal of amylose. However, the SEM photographs showed that
the particle size of the grafted amylopectin is smaller than that of the grafted
starch. It was expected that the grafted amylopeclm has higher absorption
capacity due to the larger surface area.

The thermal analysis results showed that the presence of amylose in the
grafted starch significantly reduced the heat slability of Ilic backbone
polysaccharide. It depends on the application of the end products, whelhei
extraction of starch to remove the atnylose will be needed.
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Problems on waste created from plastic consumption have been given much attention off late.

Consequently, research and development on biodegradable and recyclable polymer is gaining

momentum to offer alternative eco-friendly products. Starch is the second largest biomass produced on

earth. Sago starch is plentiful in south Asia. It is produced from pith of sago palm and has serve as a

useful indigenous resource for commercial raw materials and foodstuff and an important product

(Takeda et al., 1989). The sago starch is also abundant in Malaysia who is the principle exporter to the

world market (Anon, 1996). With its abundant and availability has made it an attractive candidate for

use in development of biodegradable starch-foam and other composites.

Information of the electron beam (EB) irradiation of sago starch is very limited. The inception of the

IAEA/CRP Program on Radiation Modification of Indigenous Natural Polymer has been a stimulus in

our current work on the EB modification of sago-siarch. This paper reports effect of EB irradiation on

some characteristics of sago starch as a raw material for starch based foam production. Characteristics

of irradiated tapioca starch were also studied for comparative purposes.

Sago samples were irradiated with electron beam accelerator and their effect on sago properties such

as colour, viscosity, clarity, gel strength, swelling power and solubility, granule morphology were

evaluated. Fig. 1 and Fig. 2 describe some of these properties- Sago undergoes degradation when

exposed to EB irradiation. Fig. 3 displays the typical viscosity characteristic of irradiated sago.
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Nevertheless, sago blended with water-soluble polymers such as PVA and PVP

showed that they undergo crosslinking. Blending sago with PVA shows a significant

increase in gel content value indicating greater crosslinking ability. This is observed

in Fig. 4. As much as 35% gel was observed in blends of 20:20 ratio (SagoPVA) at

30 kGy dose. In the case of sago-PVP blends however, the presence of sago

reduced the crosslinking ability of PVP.
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This paper will also describe the potential of producing EB crosslinked sago foam. The foam produced

is an open cell type and its properties depend very much on polymer composition
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Cassava starch was gelatinized in water at 85±3°C for one h to form a paste-like slurry. The

gelatinized cassava starch was graft copolymerized with acrylamide (AM) or acrylic acid (AA) or a mixture of

1:1 AM/AA in the presence of mineral acids or maleic acid (MA). The mixture was irradiated by y rays at a

dose rate of 1.91 kGy h"1 to a total dose of 5.15 kGy. The reaction mixture was precipitated with acetone and

dried in a vacuum oven at 56°C for 24 h. The ground mixture was centrifuged to separate the graft copolymer.

The graft copolymer was washed with distilled water and centrifuged. The supernatant was precipitated to

give polyacrylamide (PAM). The graft copolymer was treated in situ with acetone to remove the absorbed

water, dried in a vacuum oven at 50°C for 24 h and weighed to determine the amounts of the homopolymer

and free copolymer. The grafted (co)polymer was also separated from the starch by heating with 1.5M HCI

for 2 h under reflux. The grafted polymer was filtered and washed with acetone until pH 7 was reached. It

was then dried to determine the amount of grafted polymer chain as add-on. The residual starch remained in

the grafted polymer after the acid hydrolysis was checked with iodine solution. Effects of acid additives on

graft copolymerization of AM or AA or their mixture onto cassava starch are shown in Tables I to II.

Table I Effect of acid additives on graft copolymerization of AM and water absorption

Additive

0.01 MH2SO4
a

2% MAD

Conversion

(Percent)

96.2±0.6

98.0±0.6

Homopolymer

(Percent)

2.5+0.1

4.9+2.5

Add-on

(Percent)

50.0±0.2

51.7±1.0

Grafting

Efficiency

(Percent)

95.110.3

91.1±4.2

Water

Absorption

(g g"')

343±42

300±24

a) Starch 10 g and AM 20 g in 10 cm of HjSO,; b) Starch 10 g and AM 20 g in 2% MA based on AM.
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Table II Effect of acid additives on graft copolymerization and water absorption

Additive

0.01 M H2SO/

0.01 M HNO3
b

0.001MH2SO,C

0.01 M H2SO4
d

0.1 MH 2 SO/

Conversion

(Percent)

97.5±0.1

95.6±0.1

92.8±2.5

97.9±2.4

91.6±0.8

Homopolymer

(Percent)

2.4±0.3

2.4±0.4

6.5±0.7

7.9±1.1

15.6+2.8

Add-on

(Percent)

54.7±1.9

51.8+0.1

51.6+0.6

56.9±6.8

59.7+0.1

Grafting

Efficiency

(Percent)

95.8+0.9

95.4+0.6

88.2+1.3

86.4+0.4

76.3+4.1

Water

Absorption

(g g ' )

124+9

11O±15

247+23

259±22

277+79

a) and b) are for Starch 10 g and AA 20 g in 10 cm in H2SO4 and HNO3, while c) to e) are for starch

10 g mixed with 20 g of AM/AA ratio of 1:1 in H2SO4.

When 0.01 M F^SO,, and 2% MA were used as a comparison (Table I), the former gave a lower

homopolymer, a higher grafting efficiency and water absorption. It seems like that H2SO4 is a better acid

additive than MA in terms of grafting and water absorption. Acid contributes to an increase in hydrogen atom

yielding a higher [G(H)] from secondary electron capture by H*. Acid also increases partitioning of monomer

in the graft region of the backbone polymer (1). MA undergoes charge transfer complex with AM monomer,

which could be an intermediate in the grafting reaction. The possibility of AM to graft on the starch could be

less when AM and MA can interact in the aqueous phase (2). For the role of H2SO4 and HNO3, they are both

effective in enhancing water absorption of the starch/AA superabsorbent (Table II). The presence of AM/AA in

the reaction mixture increases percent add-on and water absorption comparing with that containing only AA.

The high acid concentration (Table II) may hydrolyze the amylose backbone to give both low conversion and

grafting efficiency, but a high add-on and water absorption. Hydrolysis of amylose in a highly concentrated

acid decreases the amylose content and increases its crystallinity (3), which results in a rigid molecular

structure and thus reduces water absorption. In the presence of high acid concentration and a long reaction

time (3 h), imidization of the amide pendants in the copolymer could occur. Imidization gives a stronger gel

structure of the superabsorbent because of the crosslinking reaction.

References

(1) Kiatkamjornwong, S., Chomsaksakul, W., and Sonsuk M. Radiation Modification of Water Absorption of

Cassava Starch by Acrylic Acid/Acrylamide, Radiat. Phys. Chem. 2000, in press.

(2) Garnett, J. L., Ng, L.T., Viengkhou, V. Grafting of Methyl Methacrylate to Cellulose and Polypropylene with

UV and Ionizing Radiation in the Presence of Additives Including CT Complex, Radiat. Phys. Chem.,

1999.56, 387-403.

(3) Komiya, T., and Nara, S. Changes in Crystallinity and Gelatinization Phenomena of Potato Starch by Acid

Treatment, Starch/S.arke, 1986, 38, 9-13.

30



XA0056201
IAEA-SM-365/16

STIMULATION OF THE F^CTTVTFY OF!
PULPS

 :- .-' j - • • • = ; • - : : - v

Institutes of Nuclear Chemistry and Technology, Warsaw, PoMd. ;

HLSTUPINSKA - ^ ' • ";
Puip and Paper ResearchInstitute, Lodz, Poland. : :

. W. MIKOLAJCZYK. = I 'y.U:_
Chemical Fibres Institute, Lodz, Poland. ; : /

Cellulose fibres areimportant raw material for the production/
of textile and sanitary goods. The viscose technology has been ftot
changed much for more than 100 years resulting in serious
en\Troninentai hazards. New alternative technologies for the
manufacture of cellulose fibers are currently under research and
development [1].

Institute of Chemical Fibers in Lodz has been carrying out
research since 1988 to develop technology for the production of
cellulose carbamate as raw material for production nad fibers and ffltvK
in order to eliminate the ecological problems associated with viscose
method. [2,3]. Recently in the cooperation with the Institute of Nuclear
Chemistry and Technology in Warsaw the effect of electron beam
irradiation, on various type of cellulose pulps have been studying in
order improve the reactivity of raw material for production of cellulose

Jearbamate. :
Three different type of textile pulp: AlicelL:Borregaard,

Ketchikan. and Kraft softwood pulp have been irradiated with 10 MeV
electron beam from LAE 13/9 linear accelerator. Kraft softwood
sheets selected to study the effects oa radiation dose were irradiated in
dry and wetform with doses of 10, 15, 25 and 50 k<3y. Textile^ pulps
were irradiated only in dry form with dose of 25 kGy.

The average viscosity of cellulose pulps, unirradiated ones and
irradiated with different doses, were measured in dilute solution of
copper ethylenediamine (CED). The degree of polymerization was '
calculated from the following equation according to Polish Standard:

; . D P a 9 M - 0.75x1!

where T| - limiting viscosity of cellulose pulp in
The content of oc - cellulose was determined by gravimetric methods

: as percent of pulpinsohible in 17.5 % NaOH sohrnqn.
After electron - beam irradiation the samples of cellulose pulps

have been examined by electron pramagaetic resonance (ESR)
spectroscopy and wide angle X-ray scattering (WA5CS) diffraction

.•methods. : ;
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f • • The relationship between dose and the content of radicals in dry
Kraft softwood pulp after EB irradiation at room tejmperature is shown
in. Figure 1. Up the 25 kGy radicals concentration grows linearly with
dose (curve-b). For higlier dosesthe number of radicals increases much
slower which is typical for radiolytic saturation effect. Curve-a on Ihe
same figure shows decrease of degree of polymerization with radiation
close for the same type of softwood pulp. The smallest applied dose -
10 kGy makes chain scission process very effective^and as result die
degree of polymerization decreases about 46 %. The effectiveness of
cellulose degradation is much lower for liigher doses and for 25 kGy
degree,bf poymerization is only 30 % indicating thai doses around 10
kGy are-optimal from economical point of view.

1200

200

10 30

Dose (kGy]

40 50 60

FIG I. Dose dependence of degree of polymerization (a) and free
radicals concentration (b) for dry Kraft softwood cellulose pulp EB

-irradiated with a dose of 25 kGy. :

' Similar dose dqjendence of degree of polymerization, was
observed in irradiated Ketchikan textile pulp ( see Tablei) suggesting
that this relationship has a general character for cellulose chains The
effect of 10 MeV electrons on visosity, degree of polymerization and
content of a - cellulose for Ketchikan and Kraft softwood pulp-is
:shown ia Table 1. .". '••. ' :'

Ta^le 1, The effect of 10 MeV EB iradiatton on voscosity, decree; of:
porymerizati^n. (DP) and a - celulose content for Kfitchikan aad Kraft

^ \ d U l l %

'•'. Cellulose samples

Ketchikan

Kraft ;
softwood'

1 viscosity [ml/g]
|DP
| a-celhilose [%]
1 viscosity [rruVg]
JDP
jcc-celhilose[%]

0
601
856
93.4
797
1169
86.6

EB
10

347
467
91.4
399
544
85.6

dosejkGy]
15:1 25:

|307:
140$
= 88:9:
j 341
|458
i 84;3

246
319
88.6
268
350
84.4

139
170 M

;.76;0
cl88- ;
:237 : . ;

80.9 r
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The WAXS studies did not show any important strueturl
differences between irradiated and unirradiated cellulose pulps.

The results of primary investigations show that EB irradiation
with a dose 10 kGy leads to decrease the degree of polymerization, of
textile i s well as softwood pulps for about 50 %. For Ketcbikan pulp
and Kxaft softwood pulp the degree of polymerization decay to 467
and 544, respectively. At the same time the content of a - cellulose
decreases iii meaningless way. The results are very promising clearly
indicating that production of cellulose carbamate using as raw material
the cellulose modified radioliticly should be much more effective. It
was proved by analyzing the ESR spectra that similar radicals are
formed in different types of-textile and softwood pulps. However, the
number ofradicals stabilized in Kraft softwood pulp at room
temperature in three times higher than in Alicell, Bbrregaard and
Ketchikan textile pulps. It is speculated that the differences in radical
stability are associated with cellulose chain flexibflity which controlled
by cellulose strucure. V'
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It was reported that by the combined effect of dilution, addition of water soluble
polymer (WSP) and centrifugation, the amount of extractable protein (EP) of radiation
vulcanized natural rubber latex (RVNRL) is reduced to a level less than 5 ng/g and the length
of leaching time is shortened to 20-30 minutes [1]. It was also reported that low energy
electron accelerators can be used for RVNRL [2]. Combining these results, a new RVNRL
process has been designed as shown in fig. 1 [3]. Recently a pilot plant with 250 keV
electron beam (EB) is installed at Takasaki Radiation Chemistry Research Establishment
(TRCRE), Takasaki, Japan for RVNRL. In this paper progress in RVNRL is reported in the
following three topics.

1. New accelerator (sensitizer)
2. Reduction of extractable proteins in RVNR latex
3. Operation of EB pilot plant with 250 keV for RVNR latex

{Water soluble polymer

(Field latex """)-

[Accelerator ]-
Mixing- ->- Centrifugation

(Antioxidant )-

(Products ) <- Dipping
Prevulcanized

NR latex Maturation

Fig. 1. New RVNRL Process
1. New accelerator

So far «-butyl acrylate (n-BA) is commonly used to accelerate radiation vulcanization
of natural rubber (NR) latex. However, the remained n-BA in vulcanized NR latex causes
deterioration of the environment due to its bad smell. In this study accelerating efficiency of a
di-functional monomer, 1,9-nonanediol diacrylate (ND-A), Kyoeisha, Japan, for RVNRL
has been investigated to replace «-BA. The advantages of ND-A are the absence of smell, low
primary irritation index (PII=2) and low residual monomer in the RV latex. The ND-A (5
phr) impregnated latex remains in a very good physical state (in terms of color and viscosity
changes) up to several days. A high ammonia latex concentrate (Guthrie, Microtex, Malaysia)
was used after diluting with 1% aqueous ammonia to 50% total solids. The latex was mixed
with ND-A without further purification and irradiated by y-rays from Co-60 source at a dose
rate of 10 kGy/h at room temperature. Rubber firms from the irradiated latex were prepared
by casting the latex on a raised rimmed glass plates and drying in the air. The films were
leached with 1% ammonia for 10 minutes. Tensile strengths of the rubber films prepared
from the latexes irradiated by imparting various doses of y-rays were measured with a tensile
machine, Strograph-Rl, Toyoseiki, Japan. The maximum tensile strength of -30 MPa was
achieved at 20 kGy. The vulcanization dose is similar to that of with 5 phr n-BA in this
condition.
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No added PVA
98-99
86.5-89.5
80-83
72.5-92.5

95.0
37.5
38.0
39.8
42.0

2. Reduction of extractable proteins in RVNR latex
EP content in the NR latex products should be as low as possible to prevent latex

allergy. The low molecular weight WSP is more favorable to leach out EP than high
molecular weight WSP. In this paper, effect of degjee of hydrolysis of polyvinyl alcohol
(PVA) was studied. The degree of polymerization of PVA is 500. PVAs with various degrees
of hydrolysis as 10% solution were added to 2 phr concentration each to the irradiated latex
before casting. The EP content in the films were determined by using micro BCA protein
assay. EP content in RVNRL film against the degree of hydrolysis of PVA are furnished in
table 1.

Table 1 Effect of degree of hydrolysis of PVA on protein contents of RVNRL films
Degree of hydrolysis (%) protein content (ng/g) ^ (M P a )

2930
30.43
29.69
27.65
25.28

It is found that the films containing PVA contain less extractable proteins than that of
the film without added PVA About 60% protein is removed from RVNRL film having 2 phr
PVA and leached for 10 minutes with 1% ammonia. The proteins are thought to be leached
out together with soluble PVA The degree of hydrolysis of PVA has no significant effect on
the removal of proteins from the RVNRL film. However, the tensile strength of RVNRL film
is reduced to some extent with the decreased degree of hydrolysis. So high degree of
hydrolysis of PVA is favorable.

3. Installation of pilot plant with 250 keV EB for RVNRL
It is expected that RVNRL with low energy electron accelerator will reduce the initial

investment and irradiation cost. The accelerating voltage and beam current of the recently
installed pilot plant at TRCRE are 250 keV and 10 mA respectively. The length and width of
the beam window are 20 cm and 6 cm respectively. The irradiation reactor for EB is a

cylindrical stainless steel vessel (29 cm <)), 30.5 cm height) containing four baffle plates on to

the inner wall at 90° intervals and fitted with a propeller type stirrer and outer jacket. The
reactor is covered with a cooling plate having titan film (thickness= 0.0015 cm) window (20
cm X 8 cm). 16-17 liters of latex can be fed in the vessel for irradiation at a time.
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IMPROVEMENT OF RVNR LATEX FILMS PROPERTIES BY USING FUMED SILICA
AND HYDROXY APATITE AS RUBBER PARTICLE BINDERS
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Rubber Research Institute of Thailand (RRIT), Bangkok, Thailand

M. SONSUK
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ATHIENGCHANYA
Faculty of Science, Prince of Songkla University, Songkla, Thailand

A study has been carried out to investigate the effect of addition of fumed silica and
hydroxy apatite into RV NR latex for the purpose of improvement of tear property of the
films. Determination of water soluble protein in rubber films was also done using modified
Lowry method to quantify the protein immobilization by the additives. Binding of the protein
to the additives was found to enhance by addition of ZnO. Protein immobilization by the
additives was confirmed by using EPMA/ SEM. Latex stability and aging property of the
films were also evaluated.
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FIG. 1. Water soluble protein contents in rubber films after leaching in water at
different temperatures and leaching times
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Protein content with and without fumed silica
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FIG. 2. Effect of active ZnO (0.17 phr) co-added to fumed silica on water soluble protein
contents after leaching at room temperature (RT),15 min. and 75°C, 7 min.
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NATURAL ANTTOXIDANTS FOR RADIATION VULCANIZED NATURAL
RUBBER LATEX
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Philippine Nuclear Research Institute
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The anti-oxidant properties of some non-water soluble amino acids were tested on
Radiation Vulcanized Natural Rubber Latex (RVNRL). Among these were cystine,
tyrosine, asparagine phenyl alanine and alanine. The antioxidants [homogenized and
emulsified with 20% SDS (1:1)] were added to RVNRL and were cast unto plates to
make a film of 0.4 - 0.6 mm thickness.. The film was then removed from the glass plate,
air-dried and leached in 1% NH4OH overnight The leached film was air dried and cured
at 80°C for two hours. Accelerated aging of the rubber films was done at 100°C for 24
hrs. Tensile strength was measured using the Tnstron Tester Machine Model 1011.

Results indicated that all these ammo acids have anti-oxidant properties with cystine,
aianine and asparagine exhibiting higher anti-aging properties on RVNRL. Combination
of these amino acids improved the antioxidant property on RVNRL (Table 1).

Chicken feathers contain around 97% keratin of which 44% is made up of the amino
acid cystine. Keratin from chicken feathers was also tested for its anti-oxidant property.
The following methods were used to extract the keratin from chicken feathers.

A Extraction with IM NaOH
Ground chicken feathers were added with IM NaOH (lOg chicken feathers /

300.0 ml of 1M NaOH) and heated at 60°C for 1 hour. The resulting solution was
neutralized with 1M HC1 until the proteins were precipitated. The precipitate were
centrifuged and freeze dried (Keratin A).

Ground chicken feathers (16g) were added to 100.0 mis of 1M NaOH and
digested in a microwave. The resulting solution was then tested for antioxidant
property on RVNRL (Keratin B).

B Reduction with NaHSO3

Ground chicken feathers (16 g) were added with a solution of SDS and NaHSO3

(11:1 in 100.0 ml water) The samples were digested in a microwave oven. The
resulting solution was then tested for antioxidant property on RVNRL (Keratin C).

C. Dispersion with Sodium Dodecyl Sulfate
Ground chicken feathers (4 g) were added with a solution of 20% SDS and

digested in a microwave oven (Keratin D).

Table 2 shows the effect of keratin on the aging properties of RVNRL. The
antioxidant property of keratin on RVNRL vary with the type of extraction method used.
Keratin A indicate prooxidant properties with a 16% tensile strength retention which in
fact is lower than the blank (35%). Keratin B likewise is a prooxidant especially at a
higher concentration. Results indicate the presence of antioxidant property of Keratin C
on RVNRL (58% Tb retention). At higher concentration, no significant increase in
antioxidant property was observed (60%). Keratin D has also an anti-aging property
with a 55% Tb retention. Thermal gravimetric analyses of these samples are discussed.
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Table I. Tensile Strength Retention of RVNRL Films with Amino Acids (2phr)

AMINO ACIDS

Control
Tyrosine
Phenylalanine
Alanine
Cystine
Asparagine
Cystine + Tyrosine (1:1)
Cystine +Tyrosine + Asparagine (1:1:1)

Percent Tensile
Strength Retention

35 + 9
5 2 + 9
52 ± 5
71 ± 9
77 ± 7
7 1 + 9
74 ± 7
8 0 + 7

Table 2 Tensile Strength Retention of RVNRL Films with Keratin

Type of Keratin

Control
Keratin A (2phr)
Keratin B (8.0 ml)
KeratinB(16.0ml)
Keratin C (8.0 ml)
Keratin C (16.0 ml)

Keratin D (2phr)

Percent Tensile Strength
Retention

35 ± 9
16 ± 7
40 + 6
14 ± 4
59 + 4
60 ± 4

5 5 + 4

REFERENCES:

1. S. Al-Malaika (1991). Mechanisms of Antioxidant Action and Stabilisation Technology
- The Aston Experience, Polymer Degradation and Stability, 34, 1-36.

2. L.V. Abad, Masteral Thesis (University of Santo Tomas), February 18, 1993.
3. F. Yoshii, S. Kuktunga and K. Makuuchi (1993). Improvement of Aging Properties of

Rubber Films Prepared from Radiation-vulcanized Natural Rubber latex, Die
Angewandte Makroraolekulare Chemie 205, 107-1 ] 5.

4. A.M. dela Rosa, L.V. Abad, L.S. Relieve, CT. Aranilla and C. Pascual (1996) Proc 21

Intern. Symp. Rdiat. Vide. Nat. Rubb. Latex, Ampang Press Sdn. Berhad, Ruala Lumpur,
p.15.

5. RJ. Block and D. Boiling, The Amino Acid Composition of Proteins and Foods.
Analytical Methods and Results (1947), 185.

nd

39



IAEA-SM-365/20

Microstructure of radiation crosslinked natural rubber latex by probe electron spin resonance
spectroscopy
H.N.K. Chandralal, et al.
SRI LANKA

40



IAEA-SM-365/21 XA0056205

ELECTRON PROCESSING FOR THE VISCOSE PROCESS:
AN ECONOMIC ANALYSIS

T. M. STEPANTK AND J. W. BARNARD
Acsion Industries Inc.
Pinawa Manitoba, Canada, ROE 1L0

Electron processing technology has been investigated at the lab-,
pilot-, and plant scale as a method for reducing harmful emissions and
chemical demand in the viscose process (1-3). The results from these
studies indicated that, under the proper conditions, electron treatment of the
dissolving pulp used to produce viscose can reduce carbon disulfide (CS2)
usage by as much as 25-40% and emissions of CS2 and hydrogen sulfide by
a comparable amount. In addition, significant reductions in alkali, zinc, and
sulfuric acid consumption have been demonstrated.

In this economic analysis, the assumption was made that the
production capacity of the accelerator facility was totally dedicated to
treating dissolving pulp and that the facility was built at a viscose plant
where pre-existing infrastructure for pulp storage and handling could be
utilized. Under these conditions, the annual costs for constructing and
operating an accelerator facility in North America were compared with the
savings in costs expected from reduced usage of CS2 and/or caustic only
(no attempt was made to assign monetary values for reductions in zinc or
acid usage or for the benefits derived from reduced emissions). For this
model, it was also assumed that electron treatment of the dissolving pulp
resulted in reductions of 25% in CS2 usage and 18% in caustic
consumption.

The total annual saving due to reductions in chemical costs depends
upon the amount of pulp processed by the viscose plant. Processing
capacities can vary significantly from one plant to another and can range
from a few thousand tonnes/a to over a hundred thousand tonnes/a. Rather
than choose a single production capacity for a viscose plant and match an
accelerator to it, the complete range of production capacities was considered
and four accelerators (one 2.5 MeV, 6 kW self-shielded, one 10 MeV, 35
kW, one 10 MeV, 80 kW, and one 10 MeV, 150 kW) that, collectively, can
span this range were chosen.

Accelerator production capacities depend on the dose used to treat
the pulp. In our experience, the dose required for pulp treatment can vary
widely, depending on the type of pulp and viscose process used. The dose
used affects pulp throughput and impacts upon facility operating costs with
regard to the number of workers needed to handle the pulp. In this analysis,
rather than chose a single dose, three different doses (5, 10, and 15 kGy)
which span the range of possible doses were considered.

Incorporation of the assumptions discussed above into the model
resulted in a matrix of 36 elements (based on the four accelerators, three
possible treatment doses for each accelerator, and cost savings for CS2
alone, caustic alone and CS2 plus caustic) for which the average annual cost
for owning and operating the accelerators were compared against the
savings expected from chemical reduction.
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The results from this analysis indicated the following:
1) For the three 10 MeV accelerators: significant net positive balances

(i.e., the annual savings from chemical reductions exceeded the annual
average cost for owning and operating the accelerator facility) were
found in all cases when savings of CS2 plus caustic were considered.
With two exceptions (the 10 MeV, 35 kW accelerator treating pulp at 15
kGy and at 10 kGy), significant net positive balances were also found
when only the saving from CS2 reduction alone was considered. With
one exception (the 10 MeV, 35 kW accelerator treating pulp at 15 kGy),
significant net positive balances were also found when only the saving
from caustic reduction was considered.

2) The 2 MeV accelerator: The only case a net positive balance was
found was for the case when the pulp was treated to a dose of 5 kGy and
savings in both CS2 and caustic were considered. In all other cases, the
average annual cost of owning and operating the accelerator exceeded
the savings due to chemical reduction.

In summary, these results indicate that in the majority of the cases
considered, which represent pulp utilization capacities of 13,000 tonnes /a,
or more, the economic benefits of owning and operating an accelerator for
treating pulp for the viscose process can be considerable.
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Radiation of polysaccharides generates various types of degraded fragments by
random scission. Polysaccharides such as chitosan, alginate, etc. can be easily degraded
both in powder foam and solution [1, 2]. The radiation degraded-polysaccharides induce
various kinds of biological activities and can be applied not only in agriculture but also in
medical fields. In this paper, the biological activities induced by radiation of chitosan,
sodium alginate, carrageenan, cellulose and pectin are reviewed for the agricultural use.

1) Induction of anti-microbial activity
Antibacterial activity of chitosan against Escherichia coli B/r was increased by

radiation at lOOkGy in dry state [3] suggesting the inhibition of cell division. The anti-
fungal activity was also induced but the activity was lower than the anti-bacterial activity.
Using the anti-fungal activity of irradiated chitosan, the coating of fruits is one of the
promising application fields for fruit preservation.

2) Induction of phytoalexins
Irradiated pectin and chitosan showed the high elicitor activity for phytoalexins

induction. Pectic fragments prepared by radiation induced glyceollins (a phytoalexin in
soybean). Pisatin, a phytoalexin in pea, was also effectively induced by irradiated pectin
and chitosan (Fig. 1). Chitosan irradiated at 1000 kGy in solid state induced much higher
activity than the pectic fragments but decreased at 2000 kGy. These results suggest that
the radiation-degraded polysaccharides involved in capable of signal transduction, defence
responses against pathogens and synthesis of phytoalexins.
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3) Plant growth promotion
Growth-promotion of plant was observed by irradiated alginate and chitosan.

Degraded alginate (MW ca. 7000) in 4% alginate solution irradiated at 100 kGy or from
powder irradiated at 500 kGy impacts remarkable effect on growth promotion of rice.
Preliminary field test in Vietnam shows that the foliar spraying of degraded alginate on tea,
carrot and cabbage with concentration of 20 to 100 ppm, led the increase of productivity of
ca. 15 to 40%. In case of chitosan, chlorosis in various degrees at lower doses less than
50 kGy was reduced or disappeared at higher doses (s= 70 kGy) and the stimulation of the
plant growth observed at 100 kGy (Fig. 2). Similar effects on growth-promotion of plants
were also observed by lignocellulose extracts and carrageenan.

4) Suppression of environmental stress on plants
The damages of heavy metals and salts on plants were relatively reduced by

application of radiation degraded poiysaccharides. The recovery of growth and reduction
of heavy metal (V) levels in seedlings were obtained by the treatments with 100 and 200
ppm chitosan irradiated at 100 kGy in 1% solution. Irradiated lignocellulosic materials
extracted from oil palm fibre, sugar cane bagasse and sawdust of fagus show the strong
activity to suppress the heavy metal and salt stress on plants. Figure 3 shows the effect of
extracts from oil palm fibre on suppression of salt stress on barley growth. The growth of
plants suffering salt stress was improved clearly with lignocellulosic extracts. Thus, the
poiysaccharides irradiated at suitable doses could be suggested as heavy metal and salt
eliminators in crop production.

CO

o

iZU

100-

80-

60-

40-

20-

n-

100

;:

93 3

62.6

i v :
i

I

'- - ;

i

102.6

V:

Control Salt stress Salt stress + Extracts
Unirradiated Irradiated

Fig. 2 Effect of irradiated chitosan
on rice growth
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Alginates are widely used in the food, cosmetic, pharmaceutical and
bioengineering industries [1]. Radiation degraded alginate has recently been of our
research interest and the irradiated alginate exhibits the significant effect of growth-
promotion for plants [2]. It was also reported that oligochitosan possesses antifungal
and disease defensive effect for plants [3,4].

Sodium alginate extracted from brown seaweed' Sargassum (glaucescens,
incanum, hemiphyllum, duplicatum, mcclurei,...) and chitosan made from shrim shells
were degraded to a certain level by gamma Co-60 radiation. The stainless steel
vessels with the volumn of about 6Olitters (d=40cm, h=50cm) are used as irradiation
container for alginate and chitosan solution in the industrial Co-60 irradiator. After
irradiation, solution of alginate and chitosan were treated with desired chemicals to
make plant-growth promoter from irradiated alginate and plant protector from
irradiated chitosan.

Table 1.
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Growth-promotion effect of radiation degraded alginate on tea

Bud
density

(bud/m2)

76.6

83.7

91.1

93.5

80.2

3.1

%

100.0

109.3
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122.1

104.7

3.6

Bud weight
(g/lOObuds)

128.6

131.1

132.2

134.4

130.0

2.5

%

100.0

102.5

102.8

104.5

101.1

1.9

Bud yield
(kg/ha)

535

591

632

639

574

25

%

100,0

110,5

118.1

119.4

107.3

4.2

In the range of alginate concentration from 25 to 200ppm, the treatment of
lOOppm attained the highest increase of bud yield (19.4%). In addition, the quality of
tea bud was improved through the higher content of soluble substances (18.7%) and
tannin (28.1%) compared to that of control (not treated with degraded alginate).
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Table 2. Growth-promotion effect of radiation degraded alginate on carrot

Cone.

ppm

0
20
40
60
80
100
200

LSDQ.OS

Leaf

yield

kg/ha

21114
27330
26469
29589
28425
25290
26007

NS

Root

yield

kg/ha

35830
46913
50686
57315
52845
47190
46995
4288

%

100
131
142
160
148
132
131

9

Contents

NO3

mg/kg
(fresh)

615 ±17
491 ±29
458 ± 17
448 ±26
446 ± 19
451 ±50
453 + 12

%

100,0
79,9
74,5
72,9
72,6
73,4
73,7

Reduced sugar

g/kg
(fresh)

6,29 ±0,18
7,26 ± 0,52
8,25 ±0,71
8,64 ± 0,34
9,02 ±0,41
10,37 ± 0,74
10,02 ±0,29

%

100
116
131
137
143
165
159

Dry matter
%
(to

fresh) ,
8,7± 0,8
8,8 ± 0,6
8,9 ± 0,2
9,1 ±0,6
9,1 ±0,1
8,9 ± 0,7
8,6 ± 0,6

%

100,0
101,2
102,7
104,5
104,4
102,4
99,5

In the range of from 20 to 200ppm of alginate concentration, the treatment of
60ppm reached the highest increase of root yield of carrot (60%) while bio-matter of
leaf was not significant difference.

Irradiated chitosan solution shows highly antifungal effect for plant [5].

REFERENCES

1. P. Gacesa, Alginates, Carbohydrate Polymers (1988) 8, 161-182.
2. Ng. Q. Hien, N. Nagasawa, L. X. Tham, F. Yoshii, V. H. Dang, H. Mitomo, K.

Makuuchi and T. Kume, Growth-promotion of plants with depolymerized
alginates by irradiation, Rad. Phys. Chem. (submitted).

3. D. F. Kendra and L. A. Hadwiger, Characterization of the smallest chitosan
oligomer that is maximally antifungal to Fusarium solani and elicits pisatin
formation mpisum sativum, Exp. Mycology (1984) 8, 276-281.

4. C. A. Ryan, Oligosaccharides as recognition for the expression of defensive
genes in plants, Biochemistry (1988) 27 (3), 8879-8883.

5. T. L. Ha et al, Fungicidal effect of irradiated chitosan (summited for this
symposium).

46



IAEA-SM-365/24
XA0056208

Biological Activities of Radiation Degraded Carrageenan

Loma Relieve, Alumanda dela Rosa, Lucille Abad and Charito Aranilla
Philippine Nuclear Research Institute

Commonwealth Ave. Diliman, Quezon City 1101, Philippines

Fumio Yoshii, Tanrikazu Kume and Naoisugu Nagasawa
Taknsaki Radiation Chemistry Research Establishment

1244 Watanuki, Takasaja. Gunma370-l292, Japan

Kappa carrageenan (KC) and iola-carrageenan (IC) were irradiated in solid stale to
doses 50-1000 kGy in air at ambient temperature. Changes in their molecular weight and
functional properties with respect to their FT-IR and UV spectra were evaluated.
Irradiation of canageenan resulted in a rapid decrease of molecular weight indicating main
chain scission in their polymeric structures. Formations of some compounds were evident
by new peaks in their UV and FT-IR spectra and quantitative analyses of the FT-IR spectra
which, in addition, support that there is a breakdown in the carrageenan structure

Radiation degraded polysaccharide can induce various kinds of biological activities
(1). Irradiated carrageenans were investigated for its plant growth promoting activity. To
confirm this bioactivity, IC and KC were applied for rice cultivation. Carrageenans were
added to the nutrient solutions for rice seedlings under non-circulating hydroponics
cultivation in a greenhouse. After a period of one month, stimulation of growth of rice
seedlings was observed. Irradiated carrageenan can induce weight gain in treated rice
seedlings (see fig la). Maximum weight gain was obtained with KC irradiated at 100 kGy
while treatment with IC at 500 kGy. IC exhibited less growth promoting properties than
KC. Unirradiated carrageenan has also stimulated rice growth to some extent This
strongly suggests that a certain molecular weight of carrageenan can only be used to get
optimum growth effect on plants. Therefore, degraded carrageenan can be easily produced
via radiation degradatioa Chlorosis (yellowing of leaves) was inhibited with the application
ofboth irradiated IC and KC (Fig. lb). The growth of fungi on the roots disappeared with
treatment of IC and KC irradiated al 500 kGy. This anti-microbial activity of the degraded
carrageenan will be fiirther studied against Escherichia coli.

200 400 600

DosapGy)
800 1000
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Fig. 1. Effect of irradiated carrageenan on rice growth. Rice was cultivated for 1
month in hydroponics solution, with 80 ppm carrageenan

The carrageenan molecule has been broken down to smaller molecule(s) or
compound(s) that can be absorbed effectively as nourishment factors and anti-microbial
agents f̂ v1 plants. Plant growth activity will be further studied on leafy and fruit vegetables
under foliar spraying and hydroponics conditions.

REFERENCES:

(1) T. Kume, N. Nagasawa, F. Yoshii et al Application of Radiation Degraded
Carrageenan. Submitted for publication.
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Progress in Property Modification of Silk Fabric

By Radiation Graft Co-polymerization

Hengdong Wang, Leidong Xie, Yin Ye, K&nglong Sheng

And Shilong Qiu

Shanghai Institute of Nuclear Research, Chinese

Academy of Sciences, Shanghai, China

Ruiyin Chon, Ruiyin He and Jun Goo

Wujiang Silk Fabrics(Group) Corp,

Shangze, JiangSu, China

The work is part of & research project launched

jointly in 1998 by Chinese Academy of Sciences and

JiangSu Province to promote the silk industry.

Silk fabrics and clothing are featured with the

particular" tslyganoe of handle and drape, and the comfort

of wearing. However, silk has also some interior

properties that need to be improved for further

development of the industry in China, such a3 low

elongation ct break uf the fibers for high spaed weaving,

and undesirable crease recovery and washfastness of tine

fabrics for easy-care wearincj. Our task is to improve

silk crease recovery by radiation

groft-copolym«rizaLion, and to explore ways to apply

the technique in silk fabric finishing of the

production.

Bleached Chinese crepe 12102 were deguirjned in soap

• olution and washed by tap water, allowing to dry for

radiation processing.

Various kind of monomers or monomer compositions

wero tested to study radiation graft-copolymerization

effect on the silk fabric. They include

methacryl<smida(MAA) , hydroxyroethylacrylamide (HMAA),

multi-aery1amide, hydroxyalkylacrylate,

hydroxyalkylmethacrylate, epoxy methacylate, and

N,N'-methylene-bis-acrylamide(MBAA).

Tho ailk samples were irradiated by "Co gamma-rays.

Two methode were usod for the radiation
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gr«ft-copolymarization. Ono ie> direct method, by which

the luonomar(fl) and the eilk sample are irradiated

simultflneously and the graft-oopalymorization occurs

during the irradiation. The other is indirect method,

by which just the silk sample is irradiated to create

long life radicals that react with the monomgr(e) after

the irradiation. With the indirect method,

homopolymerization con be limited.

In view of the technique 's industrial application,

the doBso delivered to the silk samples were no more

than 8 kGy. This also limits photoyel lowing of fabric.

Different dose rates and monomer concentrations were

studied with each monomer or monomer composition, 'i'he

graft rate was determined by the weight increase and

the original weight of tha sample.

Crease recovery of tha silk samples was determined

by a ZST-80B apparatus in standard conditions of 20

°C and G5% RH. The results show that both the acrylamide

and acrylnte monomer groups help improving crease

recovery of the 12102 crepe with both the direct and

indirect methods by controlling the grafting rate at

around 5%. However, the hydroxyalkymethacrylate arid

epoxy raethacrylate gave the best results with

290-300°of slow crease recovery and with the silk-like

handle and whit© color remaining unchanged.

The experiment was then carried out with

increasing sample sizes. And we finally succeeded in

performing the radiation grafting of several bolts of

the silk fabric with eatisfactoty results.

Further studies are unduiway to improve both the

craass recovery and color fastness by the gamma-ray

radiation graft-copolymerization methods. Meanwhile,

the next phase of the collaboration will include

explorations on electron beam irradiation of the silk

fabric. In addition, silk fabrics other than the 12 102

crepe will be studied, too, in this regards.
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Pre-irradiation Grafting Polymerization of DMAEMA onto
Cotton Cellulose Fabrics

Lu Jun, Yi Min*, Li Jiuqiang, Ha Hongfei

Department of Technical Physics, Peking University, Beijing 100871, China

Email: hahf@ibmstone.pku.edu.cn

ABSTRACT
A series of investigation in modification of the surface of cotton cellulose fabric has
been carried out in our group by pre-irradiation grafting. Recently the work focused
on the monomers of sensitivity potential. N,N'-Dimethylaminoethyl methacrylate
(DMAEMA) is a kind of such monomers. Its homopolymer PDMAEMA has the
temperature sensitivity, the pH sensitivity and the electric sensitivity1'• 31. Some
exploration to modify with DMAEMA led in such changes of the bone material as in
thermal and mechanical properties'2'31.

The current work studied the main conditions of pre-irradiation grafting of
DMAEMA onto cotton cellulose fabrics.
The results proved that the grafting reaction was the typical process and gave out
efficient grafting conditions.

1 Procedure of grafting

The pre-treated cotton was cut into pieces of about O.lg. The pieces were irradiated in
air to certain dose and immersed in DMAEMA solutions immediately, which was
already deoxygenated by bubbling N2 for about 30min. After grafting reactions in
water bath of certain temperatures the grafted samples were extracted with ethanol for
about 12hrs and then dried to constant weights.

2 Effect of dose rate

The change of dose rate had little influence on the grafting yield. The result obeyed to
the ordinary of pre-irradiation grafting. The dose rate in most of this work was
268.9Gy/min.

3 Effect of dose

As in typical pre-irradiation grafting, the grafting yield first increased fast with the
overall dose. After the overall dose reached at about 15kGy, the curve leveled off and
the grafting yield increased much less since. So in the following experiments the
overall dose chosen was 16.13kGy.

4 Effect of reaction time

When the grafting reaction lasted for different time, the grafting yield increased with
the reaction time. When the time was less then 2hr, the grafting yield increased
drastically and after then it did mildly. The reaction time for most experiments was
4hr.

* Corresponding author
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Fig. 1 Grafting yield vs monomer concentration
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Fig.2 Grafting yield vs grafting temperature

5 Effect of monomer concentration

The grafting first increased obviously with the increasing concentration of DMAEMA.
When the concentration was higher than 30% (v:v), the increase tended to stop. The
main concentration in this work was 20%.

6 Effect of reaction temperature

As the grafting temperature went up, the grafting yield fell down. This was also of the
normal situation in pre-irradiation grafting. Main reactions of this work were
performed at 21°C.

7 Result of X-ray diffraction, DSC, and SEM

The X-ray diffraction measurement analyzed the change of crystallinity of samples.
DSC and SEM measurements tried to explore the surface properties of samples.
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RADIOLYTICAL MECHANISM OF CHLORAMPHENICOL AND ITS EYE
OINTMENT DURING GAMMA STERILIZATION

L. HONG, and H. ALTORFER
Institute of Pharmaceutical Science, Federal Institute of Technology (ETH), 8057 Zurich, Switzerland

The influence of •y-irradiation on chloramphenicol (CAP) powder and its eye ointment
(CAPEO) was investigated with High Performance Liquid Chromatograph. It was found that y
irradiation induced degradation of chloramphenicol both in eye ointment and in powder state,
and the degree of degradation was proportional to the irradiation doses. At the irradiation dose
of 25 kGy (the reference dose of 7 sterilization [/]), CAP content decreases by 1.0 % in powder
state, and by 3.3 % in eye ointment. Obviously, both the irradiation dose and the eye ointment
base have played roles in the radiolytical degradation process.
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Figure 1. Typical HPLC chrotnatograms of radiolysis products of CAP powder and its eye ointment

By comparing the chromatograms of non-irradiated and irradiated chloramphenicol samples,
seven compounds were found to be the main radiolysis products (Figure 1). The relative
concentration of those compounds, as showed by the chromatograms, differs significantly
between the irradiated CAP powder and CAP eye ointment samples, further suggesting that
CAP in powder state and in eye ointment behaved differently under y-irradiation processing.

In order to explore possible ways to eliminate this radiolytical degradation, such as
protection techniques of scavenger, the degradation mechanism was first elucidated. HPLC-MS
and reference compounds identifies the radiolytical products as shown in Figure I. Compound 1
is a typical hydrolysis product of the acyl group of chloramphenicol [2], and compounds 6 is the
oxidation product of the hydroxyl group (dehydrogenation). Formation of compounds 2 & 4
involves in substitution of hydrogen atoms (reduction), and compound 7 is a product of
combined oxidation and reduction. Formation of compounds 3 & 5 involves all of the above
reactions. It can be concluded that hydrolysis, oxidation and reduction are the main radiolytical
degradation reactions of chloramphenicol products. The radiolytical mechanism was, therefore,
elucidated in Figure 2.
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The hydrolysis reaction is further illustrated by the behavior of compound 1, which only
appears in CAP powder and not in CAPEO samples. Chloramphenicol in CAPEO was actually
surrounded by the oily eye ointment base, which effectively separated the CAP ingredient from
the atmospherical environment.

The same applies for the oxidation products as well. Compounds 6 and 7 were much smaller
in CAPEO than in CAP powder samples, which could be inferred by the presence of oxygen in
the case of CAP powder. The variation of peak 6, the direct product of oxidation, was more
pronounced than that of peak 7, an indirect product (Figure 2).

Gamma irradiation certainly involves e ^ and will unavoidably promote the formation of
hydrogen radical (HT, H2, HO2*), when the radiation energy is absorbed by the target substance.
The radical reduction is therefore, unavoidable. This is demonstrated by the formation of
compounds 2 & 4, the radical reduction products, which exist both in CAP powder and in
CAPEO samples and with almost identical peak intensity, in regardless of the different micro
environments.
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I: Hydrolysis
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Reactants: "OH. H2O2, HO2*

Figure 2. Radiolysis mechanism of chloramphenicol during y radiation processing

The present experimental results clearly show that the matrix surrounding chloramphenicol
during 7 radiation played a critical role in the CAP degradation. Protection techniques to resist
the radiolysis can therefore be established. Further experiments indeed show that indifferent
gases (cleaning of the atmospherical environment) restrict the extent of radiolytical degradation
of CAP powder, and radical scavengers, which capture the radicals, increase the stability of
chloramphenicol during y sterilization processing.
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GAMMA RADIATION
FORMATION

IN SGESUM ALGWATE AS A COMPONENT FOR CAPSULES

M.RAPADO
Center of Applied Studies for Nuclear Development, Havana Cuba.
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Tbî ; mMBy; t>>°« «^- <-hw>ira1 almrlmv. is not Hindi altered by abSOTPtww oFsudh a dose.
The obtainedresotahavesomepracticdiaa^c^onJaewficWtf radiationsteifeatiootjsing inradiaSeds
alginalc is solid state fc* Capsule ftomaSinB. However, k ajpeare vciy prttobte liiM nĵ 3Ct-Chaiai SCaSSJoii take
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FUNGICmAL EFFECT OF IRRADIATED CHITOSAN

P.T. L. HA, T.T. THUY, N. Q. HEN
Dalat Nuclear Research Institute, Dalat, Vietnam
T.KUME
Takasaki Radiation Chemistry Research Establishment, JAERI, Japan

It was reported that chitosan had antifungal effect [1], However chitosan treated
(degraded) by exposure to gamma radiation showed higher antifungal activities [2]. This
paper presents fungicidal effect of irradiated chitosan.

Chitosan was irradiated in dry state with gamma Co-60 radiation at the dose of
75 kGy [3], dissolved in CH3COOH, adjusted to pH 6.0 by IN NaOH. Chitosan solution
was filtered with Millipore MTLLEX-GS (pore size: 0,22j_im, Millipore MA,USA) and
diluted in the culture medium (Czapeck-Dox) with different concentration from 50 to
2800ug/ml.

Spores or micellial fragments of fungi were dispersed in the medium, then
incubated at 25°C. The fungicidal effect of irradiated chitosan was tested by recording
the fungal growth when the fungus in the control dishes attained maximum growth.

The antifungal activity in vivo of irradited chitosan was tested as follows:
9 month old tea plants were divided into 3 beds, 50 plants for each.
Bed 1 (control), bed 2&3 were artificially inoculated with Exobasidium vexans (foliar
pathogen) by spraying 3 times on the leaf surface and pouring over the soil surface with
suspension of spores or micellial fragments of fungi (106/ml). 2 days after infected with
fungi, the plants in bed 2 were treated with 0,3g/l solution of irradiated chitosan. Bed 3
was treated with 0,05% acetic acid. The number of leaves, the plant height and the leaf
disease frequency (number of infected leaves per total of leaves) were recorded within 50
days.

RESULTS AND DISCUSSION
Fungicidal effect of irradiated chitosan

Table I. Effects of chitosan and irradiated chitosan on the growth of fungi
Minimum concentration ((ag/ml) at which

no growth was detected
Fungi non-irradiated chitosan Irradiated chitosan

Phytophthora cactorum 280 250
Fusarium oxysporum 1150 800
Aspergilhis awamori 400 250
Exobasidium vexans 1000 550
Septoha chrysanthemum 700 350
Gibberella fujikuroi 400 250
Septobasidium teae 1450 1000
Colletotrichum sp. 1500 1050

Table I shows that irradiated chitosan has higher fungicidal activity than that of
unirradiated one. It was presumed that when chitosan was degraded by irradiation, more
effective fragments were produced.
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Plant protection effect of irradiated chitosan against infection of Exobasidium vexans

Table EL Effect of irradiated chitosan on leaf disease frequency of tea

^ ^ ^ - - ^ ^ Disease frequency

Bed ^ ^ ^ -

1

2

3

Recording date

June, 30

0,078

0,078

0,077

July,8

0,132

0,153

0,420

July, 15

0,345

0,180

0,431

July,22

0,394

0,140

0,442

July,30

0,421

0,173

0,471

Table 2 shows that the frequency of infected leaves was almost the same in bed 1,
2, 3 at the first time. After 1 week, in bed 2, 3 this frequency became higher than that of
the control because the plant were infected not only by pathogen in nature but a|so by
artificial inoculation. Compared to the plant in bed 1 (control) and 3 (artificial
inoculation), leaf disease frequency in bed 2 is lower when treated with irradiated chitosan.
Irradiated chitosan can protect plant against infection by Exobasidium vexans.

Table III. Effect of irradiated chitosan on the growth promotion of tea plant

• Recording date

Bed

1

2

3

June, 30

Height

(cm)

38,l±0,2

38,0±0,4

38,2±0,l

%

100,0

99,7

100,3

No. of

leaves/plant

ll,4±0,l

11,3+0,1

ll,0±0,2

%

100,0

99,1

96,5

July, 30

Height

(cm)

41,0±0,1

41,8±0,2

40,6+0,3

%

100,0

102,0

99,0

No. of

leaves/plant

13,l±0,l

14,2±0,2

12,8±0,l

%

100,0

108,4

97,7

Table 3 shows that spraying with chitosan not only protected tea plant against
Exobasidium vexan but also promoted the growth of tea. Compared to the control, the
height of chitosan treated plants is higher and the number of leaves is more than control.
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In recent years it is more and more often reported about the usage of electron accelerators
for production of new medical preparations. The usage of electron beam technology permits to
dispense with the expensive time- and labor-consuming processes of purification of final product
from intermediate chemical agents and products. The electron accelerators are most suitable
sources because they provide high dose power rate, easy control and reproducibility of process.

The report describes the technology for production of new antituberculosis preparation
"Isodex" based on well-known preparation "Isoniazidum" (hydrazide of the isonicotinic acid or
"Tubazid"). The essence of the problems in treatment of tuberculosis is the absence of the drugs
equally effective for action on Micobacterium tuberculosis circulating in blood and lymph and
persisting in the cells of immune system (phagocytes). The persisting micobacteria possess the
high resistivity towards the basic anti-tuberculosis preparations (isoniazidum, rifampicinum, py-
razinamidum, etc.) because these preparations do not have the ability to be selectively accumu-
lated in phagocytes containing persisting micobacteria. So there is the necessity to elaborate the
antimicobacterial preparations capable to be selectively "delivered" for action on endocellular
tuberculosis bacterial population. One of the ways to achieve this is the immobilization of tuber-
culostatic preparation on lymphotropic polysaccharide.

We have chosen dextrane produced from Leuconostoc mezenteroides. This polysaccha-
ride is widely used as blood substitute. We used the electron accelerator for radiation activation
of dextrane and following immobilization of isoniazidum on it. The 10 % water solution of dex-
trane (molecular weight 30-40 kD) was treated by electron beam. The electron energy was 2
MeV, dose power rate was 0.5 Mrad/s, integral doses ranged from 0.5 to 3.5 Mrad. Due to action
of generated free radicals the dextrane was oxidated with formation of highly active carbonyl
groups. The concentration of carbonyl groups was assayed by reaction with 2,4 dinitrophenylhy-
drazine.

The hydrazide of the isonicotinic acid was added into the electron beam treated water
solution of dextrane and the reaction mixture was exposed at temperature of 100°C during 30
minutes to carry out the immobilization process. After the process completion the solution was
assayed by ion-exchange chromatography. The resulting immobilization rate was 40-60% in the
range of its initial concentration 4-40 mg/ml.

New antitubelulosis drug "Isodex" is the balanced mixture of free isoniazidum and iso-
niazidum immobilized on dextrane. The medical testing of "Isodex" have shown its lower toxic-
ity and prolonged action in comparison with "Tubazid". The special feature of "Isodex" is its
ability to be absorbed by macrofags which are the main places of persistence and vegetation of
Micobacterium tuberculosis.

So by means of electron beam induced immobilization process two well known prepara-
tions were grafted together imparting the resulting product qualitatively new properties. The
other new preparations can also be created by this method in future.
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Recently we have advocated [1] for the use of a generalized exponential

i (1)

to describe the most common types of survival curves for microorganisfias in radiation
fields. In relation (1), SF denotes the fraction of species surviving irradiation dose D, DQ
has the meaning of the effective dose, i.e. the dose which reduces the population of
species to 37 per cent of the initial value, and a is the dispersion parameter.

To show the potential use of the stretched exponential for the practical purposes we
have referred to the International Standard ISO 11137 [2] for radiation sterilization,
riamely to the dose setting method using the bioburden information. This rnethod depends
upon experimental verification that the response to radiation of the product microflora is
.greater than that of a microbal population having a standard resistance^ It is said that a
^rationalized choice had been made for the standard distribution of resistances, cf. Whitby
^and Gelda {3], and using the computational methods, the individual doses required to
achieve values of SAL (sterility assurance level, i.e. probability of a viable

-microorganism being present on a product unit after sterilization) of 10 •,•'10"?, 10"4, 10"5

1and 10 had been calculated for levels of bioburden on product priori to irradiation
(average bioburden). Here we are showing that die tabulated values (Table Bl, ISO
11137) are excellently reproduced by equation (1) with

SF = SAL!<Bb> '•'•'• (2)

jwiere^ <Bb > stands for the average bioburden, i.e. population of viable microorganisms
on a product, and the numerical values of the effective dose and the dispersion parameter
^ egpal to Do = 0.33 kGy and a = 0.7, respectively. Actually For ^3Bx4d nimierical

of a - 0.7 the weighted mean of A> is equal to:j0.33095 k0y wi&.iflie standard
tt as low as 6.0010 for SAL in the range 10"2 - Mr. This means that equations (1)

(2) provide the most direct way to compare the:< radiation^ lespojnse'1 Of a given
inciobal population with that having a standard distributiion<)f resistances and to estimate

• Jae'ieq^iired radiation doses, c£ Fig. 1 • .:''•••;^i''\
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JPig. 1: Radiation dose required to achieve given SAL for bioburden having standard
'distribution of resistance, ISO 11137 (1995). Inset depicts this standard distribution with
'rifoments given by <(D I0.33)" > = F(l + n 10.7) where Y denotes the Gamma function.
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The radiation and chemical damage of biological system is thought
mainly due to the effects from free radical such as OH, XO2\ O2~, NO2,
CO2, RClnOO implicated in the redox cycling of a wide range of
chemicals of toxicity including cacinogenesis, mutagenesis and lipid
peroxidation coming from environmental action. It is important for
biological system protected from the attack of free radicals by
antioxidants especially by natural one. On other hand, as the free radical
coming from radiation decomposition of water and redox cycling
chemicals can cause DNA damage and cause the DNA mutation to
produce cancer at last, radiation has been mainly used to cure the cancer
decease. However, some medicine as radio-sensitizer is used to improve
the curing effects and cut the dosage down. Further more some chemicals
as photo-sensitizer are used to the same purpose and make harmless to
general biological tissue.

A series of natural antioxidants isolated from Chinese herbs, such as
cinnamic acid, baicalin, tea polyphenol and phenylpropanoid glycosides
derivatives, have been studied by use of pulse radiolysis set up in
Shanghai. It is confirmed that these antioxidants could effectively
scavenge almost all of active oxygen radical, and the their molecular
structure is found having some relationship with the rate constant
scavenging active oxygen radicals. The try of synthesis with natural
antioxidants to improve the scavenging effects has been also done, which
makes them more useful in future medicine. On other hand, it is found
that some natural antioxidants can repair the damage of DNA attacked by
OH radical via electron transfer effectively.

On cell level, some natural antioxidants are found distributing in
nucleus, cytoplasm and plasma membrane, so they can protect the general
cell especially DNA of the chromatin from irradiation damage, which has
been confirmed by the electrophoresis studies with irradiation of cell
cultured in aqueous solution of natural antioxidants.
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According the theory of radio-sensitization, some chemicals with
high electron affinities can scavenge the anion radical of DNA pyrimidine
bases and make the DNA damage localized at purine bases, which
induces the break of DNA ring. With ESR and pulse radiolysis, the
phenomenon has been observed. It is found that radio-sensitizer has
higher electron affinities than that of pyrimidine bases, which can be
confirmed by determination of one-electron reductive potential with pulse
radiolysis. A series of novel radio-sensitizer, such as imidazol
sulfonamide derivatives with harmless, have been synthesized and now is
under the clinical study. And NaCM is now prepared to application of
curing cancer.

In order to rate the effects of radio-protection and radio-sensitization
of chemicals, a theory of excitation transfer, charge transfer and hydrogen
abstraction has been made by our laboratory. It is found that if the energy
of lowest electron non-occupied orbit of modifier is lower than that of
target, the modifier is radio-protector when the energy of highest electron
occupied orbit of it is lower than that of target, or the modifier is radio-
sensitizer when the energy of electron occupied orbit of modifier is higher
than that of target. It makes the study dealing with this area more fruitful
in near future.
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The temperature- and pH-sensitive porous gel membranes were prepared by random

copolymerizing acryloyl-L-proline methyl ester (A-ProOMe) with acrylic acid (AAc) in aqueous

solutions using y-rays from a ^Co source, intending an application to the selective separation of

metal ions. It is well-known that the linear polymer of A-ProOMe shows a lower critical solution

temperature (LCST) of approximately 14° C in water [1] and, whereas the AAc polymer has a

pKa value of 4.7, and also that the reaction is proceeded by a simultaneously occurring process

of polymerization and self-crosslinking in close relation to compounds such as OH*, H#, and e"a

generated by the radiolysis of water without the use of any crosslinker.

The pH dependence of equilibrium swelling of copoly(A-ProOMe/AAc) gels is shown

in Figure 1 as a function of temperature. At 5°C, a homopolymer gel of A-ProOMe was

maintained constant at a relatively high swelling ratio of approximately 6 in the pH 1 to 4 region,

because of nonionic polymer and temperature below LCST. This swelling ratio showed a

decrease tendency with increasing AAc content at < pH 4, as resulting in appearance of hydrogen

bonding. Contrary to this, carboxylate groups of AAc are ionized at pH > 5, and the gels led to

highly swollen state. On the other hand, it should be pointed out here that, in the pH 1 to 4

region, the swelling ratio of the AAc-containing copolymer gels further decreases at 30° C,

compared with those at 5°C. This is due to the increase of hydrophobic interaction by increasing

the A-ProOMe content above its LCST.

The permeation behavior of metal ions such as lithium (Li) and cesium (Cs) through an

800 jttm-thick gel membrane at 30° C as a function of pH is shown in Figure 2, in which a

mixture of 10 mmol of A-ProOMe and AAc and 0.5 ml of purified water was irradiated up to 30
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kGy (10 kGy/h as a dose rate) at 0°C (ice water system) to obtain the self-brigded gel membrane.

The diffusion permeability of metal ions was calculated from the following equation:

P V 1 T dr
Cn A dt '

Where P (cm / min) is the permeability coefficient, Co is the initial concentration of metal ions

trapped in donor chamber, V is the membrane area, L is the membrane thickness, and dCt I dt is

the concentration of metal ions in receiver chamber at time t, respectively. Figure 2 showed that

the diffusion permeation of both Cs and Li ions completely blocks between pH 4.65 and pH 4.70

for a copoly(A-ProOMe / AAc, 70 / 30 mol %) gel membrane at 30° C, followed by a permeation
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Figure 1 pH dependence of equilibrium swelling for copoly(A-ProOMe / AAc) gels

of each metal ion after step-wise increase in pH, e.g. P values of Cs and Li ions are found to be

10.7 and 6.81, at pH 4.8 and 30°C, as the permeability ratio of Cs / Li is 1.57.

To apply this temperature- and pH-sensitive gel membrane to the selective separation of

two metal ions, we further investigated the ionic strength influence on the permeation behavior

by using swelling agents such as NaCl solutions. The temperature and pH were kept constant at

30°C and pH 4.8 and, as a result, P values of Cs and Li ions was found to be 1.19 x 10"4 and 0.63

x 10"4 cm / min, when the ionic strength approched 0.05M (permeability ratio of Cs / Li is l i
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The research results of a more selective separation of Cs and Li ions through the A-

ProOMe / AAc gel membranes will be discussed in further detail by controlling the

16

12

8

i 1

4.60 4.70 4.80 4.90 5.00
pH

Figure 2 Permeation behavior of metal ions such as ( • ) Cs and ( • ) Li at 30°C
as a function of pH for a copoiy(A-proOMe / AAc, 70 / 30 mol %)

gel membrane.

hydrophobicity, carboxylate ion density, and porosity (pore structure and pore shape) according

to a slight change of temperature, pH, and ionic strength.
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High energy radiation such as heavy ion beams and electron beams is very powerful tools

to create novel organic thin films containing through-holes with well controlled structures. In

contrast to photo-lithography, a single heavy ion particle induces nanoscopic damage along the ion-

path through the materials, which is susceptible to development in an etchant, resulting in the

formation of nanoscopic through-holes. Attractive targets of these thin films are separation

membranes for toxic metal ions and biomolecules, and nanoscopic electronic devices such as

conductive films, field emitters, and magnetic field sensors through hybridization with inorganic

materials. Therefore, we have developed novel ion track membranes to improve physical

properties and sensitivity to ion and electron beams.

Though ion track membranes with a high aspect ratio are fabricated from polycarbonates

and polyesters and are applied to separation membranes, thermally and physically stable polymers

such as polyimides and polybenzoxazole could not be applied to ion track membranes using a

practical alkaline etchant. The polyimide films are converted from their precursor (polyamic acid)

films, which show less thermal and physical stability. Therefore, we expected that thermally and

physically stable ion track membranes could be converted from ion track membranes of the

corresponding precursor, whose sensitivity should be high enough to form ion tracks by an alkaline

etching.

We synthesized polyamic acids containing an ether group (PI-1, Mn=24000) and a sulfone

group (PI-2, Mn=24000) as a polyimide precursor. The polyamic acid films are spun onto grass

substrates and prebaked on a hot plate to prepare partially imidized polyimide precursor films with 5

- 20 u.m thickness. 3.49 MeV/n 129Xe23+ with a fluence of 3 x 107 ions/cm2 were used for ion beam

radiation of the precursor films. The irradiated films were etched in an aqueous tetramethyl

ammonium hydroxide (TMAH) solution. The surface of the etched films was observed by a JEOL

JXA-733 scanning electron microscopy (SEM).

The partially imidized film of PI-1 exhibited negative mode patterns, in which ion beam

decreased the dissolution rate of the area along the ion-path. By optimizing an imidization degree
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and etching conditions, the most clear projection pattern with 2 urn diameter and 1.5 p.m height was

appeared on the surface of the films after etching in 5 % TMAH at 40 CC using 60 % imidized films.

In contrast, the partially (97 %) imidized precursor films of PI-2 gave pores with a 2 ^m diameter

after etching in 1 % TMAH at 40 °C; thus, ion beam radiation increased the dissolution rate of the

partially imidized films containing a sulfone group (positive image) probably due to the degradation

of the sulfonyl groups that should be sensitive to ion beams. It should be noted that the partially

imidized precursor method enables the formation of both negative (projection) and positive (hole)

images of polyimide films by slightly changing the polymer structures.

0

0
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: X - 0

: X = S02

A

PI-1 PI-2

For improving the sensitivity of poly(diethyleneglycol diacrylate) (PEGA), which is one of the

most sensitive materials to ion beams and applied to an ion beam detector, we applied chemically

amplified systems, which have been widely used in photolithography, to the PEGA based films.

We prepared the copolymer films consisted of PEGA, t-butyl acrylate (t-BA), which comprised an

acid liable protecting group, and an acid generator, which generates strong acids by radiation. By

using an amorphous onium salt, 4-methoxyphenyl-diphenylsulfonium perfluoro-1-butanesulfonate

(MDS), three components are miscibfe and can be converted a homogeneous film with 100 fun

thickness according to a conventional cast polymerization.

The copolymer film containing 30 % t-BA and 3 % MDS showed the highest sensitivity to

electron beam radiation; namely, the dissolution rate of the films increased 300 times higher than

that of the original films only by 10 kGy dose of electron beams (1MeV, 1mA). The sensitivity of

this copolymer film is about 200 times higher than that of PEGA films. However, the films

containing only t-BA or MDS showed almost the same sensitivity as that of PEGA. This fact

strongly indicates that MDS generates strong acids by electron beam radiation, followed by the acid

catalyzed de-protection reaction of t-BAto improve the dissolution of the film in the alkaline solution.

Further studies are currently underway in applying this system to highly sensitive detectors for ion

beams.
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Abstract
Preparation and characterization of different smart hydrogels were prepared for drug

delivery systems by using gamma irradiation. The factors affecting the preparation and
homogeneity of prepared hydrogels were thoroughly investigated. pH-Sensitive hydroges
were prepared by the use of radiation copolymerization of methacrylic acid (MAAc)/Butyl
acrylate (BA), (MAAc)/ methyl methacrylate (MMA) and (MAAc)/ methyl acrylate (MA)
and ketoprofen was used as a drug model. Butyl acrylate and methacrylic acid copolymer gels
showed a good sensitivity to the pH change for possible use in the field of drug delivery
systems specifically for colon. The aqueous equilibrium swelling properties of copolymers
based on methacrylic acid (MAAc) and acrylate ester of various chain lengths were
investigated as a function of pH at 37°C. It was found that the % swelling of the copolymer
prepared in acetone is higher than that prepared in other solvents at different pH's. However,
the % swelling of the copolymer prepared in ethanol or ethanol /water is very low at lower
pH. Therefore, The most suitable solvent to meet the required properties for drug delivery to
colon was ethanol and mixture of ethanol and water. The effect of water /ethanol composition
on the swelling behavior was also studied to find out that the optimum % swelling obtained at
(40/60) (water/ethanol) composition. The extent of the transition from the collapsed
hydrophobic state to hydrophilic state depending on comonomer compositions is shown in
Table 1. In order to evaluate the release behavior of ketoprofen-loaded during the radiation
process- under different pH conditions, the release of ketoprofen from gel when cycled in
buffer solutions between pH 1 and pH 7.2 was determined (Fig. 1). The effect of dose and
drug concentration on the release of ketoprofen was investigated at pH 7.2 to find that as the
drug concentration increases in copolymer its release increases. However, as the irradiation
dose increases, the release of drug decreases . At pH 1, the release of drug has no significant
value. The release of ketoprofen from gel - loaded by immersing the copolymer into
concentrated ketoprofen solution for 24h was investigated. The release of ketoprofen from
such gel is much hgiher than that released from gel loaded drug prepared by radiation .
Swelling of (MAAc/ BA) copolymer is a highly pH dependent, at low pH the swelling is less
than 10%, however, at high pH the swelling is higher than 300%. This property candidate
such copolymer system to be used as pH-sensitive hydrogel for the use in drug delivery
systems. A study has been made also on the preparation of intelligent hydrogels capable of
swelling or collapsing in water below or above their low critical solution temperature(LCST),
respectively, by y- rays copolymerization of poly vinyl alcohol and N-isopropyl acrylamide
(NIPAAm). Terpolymer hydrogels composed of PVA, NIPAAm and different pH-sensitive
polymers such as acrylic acid, methacrylic acid and N-N dimethyl aminoethyl methacryate
were prepared. The equilibrium swelling for the prepared different terpolymers was
thoroughly investigated at various pH's. The hydrophilicity of NIPAAm and other pH-
sensitive comonomer greatly influence the critical collapse pH- of the terpolymer. By altering
the copolymer composition, LCST can be controlled. The kind and the amount of NIPAAm
enabled the transition temperature to be easily shifted up and down. Also, it was found that
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molecular weight of PVA and irradiation dose affect the LCST of PVA- NIPAAm copolymer.
The maximum swelling percent for such terpolymer depends on the types of pH sensitive
monomer used. It was found that minimum % swelling obtained at pH 1 for all terpolymers
used. However, the optimum % swelling differs from terpolymer to another. Results obtained
in this study showed that such prepared hydrogels are of great interest for possible pracical
uses as stimuli-resposive hydrogels for drug delivery systems under controlled release in
specific sites.

This work is supported by the International Atomic Energy Agency (IAEA) under Research
Contract No. 9566/RO Regular Budget Fund.

Table (1): Effect of time on the swelling percent for hydrogel copolymers prepared from
different comonomer(BA/MAAc) compositions in a solvent mixture of 40/60 wt%
water/ethanol
Swelling
Time

00
3.5
7

Swelling (%)
(BA/MAAc) Composition
20/80 30/70
123 180
203 280

(wt%)
40/60
285
428

50/50
106
161

60/40
65
121

70/30
29
51
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Fig. (1).Effect of time on the release of ketoprofen from (BA/MAAc)
copolymer hydrogel that prepared in different solvents.Comonomer
composition; (50/50 mol%), comonomer concentration; 50 mol%,
irradiation dose; 30 kGy
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The gels of low molecular weight polyethylenoxide PEO (low molecular weight PEO
is also named polyethylenglycol PEG) produced by electron beam cross-linking
(polymerization) are finding the growing application in biotechnology and medicine.
These gels are used as the matrices (carriers) for enzymes and other biologically active
substances, and these new preparations are used for treatment of purulent-necrotic
processes having various ethyology and localization, carious cavities. The PEO gels
are used for production of gel pastes purposed for endoscopy examinations and usage
as contact media for ultrasonic diagnostics, electrocardio- and encelography. There is
great prospective in production of atraumatic dressings with various biologically active
additives (enzymes, anesthetics, styptic, etc.) for wounds.

The working temperature range for these medical gels is from 20°C (minimum
surface temperature on skin and possible temperature of the working head of
ultrasonic diagnostic systems) till 40°C and little more (wound temperature on the
various stages of inflammation process). The viscosity of the final products
(preparations and contact media) also depends on the application.

The production cycles of all these products begin from the preparation of initial
water solution of PEO and its irradiation for production of gel. The consistency of the
gel is determined by the initial PEO concentration (from 20% to 60% for our products)
and irradiation dose. After the crosslinking the gel is modified - dissolved by water, the
solutions of enzymes, various preparations and chemical combinations are added, and
for some preparations the irradiation is done again for immobilization of the active
agents on the PEO matrix. So the production cycles have many parameters that can be
varied - for example, the gel viscosity can be decreased by decreasing the irradiation
dose or by decreasing the initial PEO concentration or by dissolving the gel by water.

The main technological parameter of the processes of final product manufacturing is
the viscosity of gel that really depends on velocity of shift and temperature. In the
manufacturing processes the gel structures are subjected the intensive deformations.
But till now the thermorheological properties of PEO gels are not studied well enough.

We have carried out the study of the thermorheological properties of PEO gels
produced by electron beam crosslinking on the linear electron accelerator ILU-6 at
energy of 2.5-3 MeV. The required viscosity of gels ranges greatly, so we are using the
solutions of PEO having the concentrations from 20% to 60%.

71



Figure 1. The dependence of twisting moment in PEO gel from velocity of shift at
different temperatures.

The dependence of gel viscosity from temperature was studied by method of
rotational viscosimetry in the stationary regime of Quett (viscosimeter Rheotest-2).
The different constant gradients of velocity of shift (D, s~l) were set and the twisting
moments (T, dn/cm2) were measured at different temperatures. The dependence of
twisting moment in PEO gel on velocity of shift at different temperatures are given in
Fig. 1.

The data obtained in our studies witnessed the sufficient non-linear rheological
properties of gels. We have studied the rhelological properties of gels because they
were required for applications of the final product and the technological needs of
production. Our results permitted us to elaborate and optimize the production cycles
for various medical and biotechnological preparations based on the PEO gels.
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Abstract

In recent years, the research and development of intelligent drug delivery systems (DDS) have

been very active, so synthesized all kinds of hydrogels and behavior studying were widely

investigated1 "~51. The polyDMAEMA hydrogels synthesized by y-irradiation technology showed a

combined temperature and pH-sensitivity and electric responsive behaviors. The hydrogels were

transparent and elastic and displayed good swelling behavior in water, so they can be used as a

kind of carrying material in drug delivery systems.

In this work, using the polyDMAEMA hydrogels which were prepared by y-rays from ^Co
source in controlling release was studied.

1. The characteristic of polyDMAEMA hydrogels

The polyDMAEMA hydrogels synthesized by y-rays from 60Co source at room temperature

showed good mechanical property and high swelling capacity in water. The equilibrium degree of

swelling was nearly 900. They also displayed a temperature and pH-sensitivity at a temperature

range of 38~40°C and pH=2.5. To electric responsive behaviors, they can be observed at a field

voltage of approximately 3.0, although it was not clear.

2. Release studies

For the release studies, Methylene Blue (MB) solution (~lg/l) was prepared first. Then the

polyDMAEMA hydrogels were put in it. The release studies would begin after they got

equilibrium swelling.

2.1 MB release at different pH values

MB release experiments were performed in deionized water with ph=1.24 and 10.56 at room

temperature. The release rate of MB in pH=1.24 was faster than that in pH=10.56. The release rate

of MB in pH=1.24 leveled off after about 13 h while in 10.56 it did after about 60 h.

ptt=1.24

V
0 5 10 15 20 25 .10 35 40 45 SO 55 60 65

Tirre(h)

Fig.l. MB release at different pH
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2.2 MB release at different temperature

Since the polyDMAEMA hydrogel showed a temperature sensitivity at a range of 38~40°C,

the release experiments were conducted at 20°C and 52°C, respectively. It was found that the

release rate at 52°C was faster than at 20°C, which attributed to quicker rate of the MB molecular

movement at high temperature and the shrinking of the gel.

2.3 MB release in electric field

The release rate at a field voltage of 5.0 was much faster than that of no electric field. For

example, it took the release rate 3h to reach equilibrium at a field voltage of 5.0, while 13h

without the electric field. Fig. 2 showed the release result under the on-off switching of electric

field in distilled water at alternative voltages o and 5.0.

5.0V 1

ov

(I 2(1 4(1 60 80 100 120 140 160 18(1 200 22(1

time (win)

Fig.2 Pulsatile electric field as the

function of MB release
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Polyvinyl Alcohol (PVA) and Polyvinyl pyrolidone (PVP) powders were
dissolved in bidistilled water and heated at 90° C in autoclave for 50 min. It was then
mixed homogeneously various compositions. The ratio of PVA and PVP in the mixture
can be 90/10; 90/20; 70/30; 60/50; 50/50; and 40/60. The mixture was filled into a
plastic bag, sealed and squeezed between two glass plates. Prior to Irradiation the mixture
solution was kept at room temperature overnight. The irradiation was done by electron
beam or gamma rays form a Cobalt-60 source at a selected dose

Effect of irradiation dose on the brittleness as well as the water uptake of the
obtained hydrogel were observed. The tensile strength of appropriate composition and
healing capacity necessary for wound dressing were evaluated.

Table 1 shows the effect of irradiation dose on the brittleness for different
composition of PVA-PVP. As can be seen in table 1, the blending composition of more
than 4 parts of PVA results a non-brittle of irradiation blended PVA-PVP for irradiation
dose of 20 kGy. The composition for PVA and PVP to form appropriate hydrogel for
wound dressing was in the range of 40 to 60 %. Prior to use the two PVA and PVP were
chemically characterized (1).

Table

No.

1.
2.
3.
4.
5.
6.
7.
8

1. Effect of Irradiation dose and blended emposition on the brittleness

Ratio of Blending Compound
PVA (%)

10
20
30
40
50
60
70
80

PVP (%)
90
80
70
60
50

40

30
20

of hydrogel

Irradiation Dose (kGy)
15

Brittle
Brittle
Brittle
Non-Brittle
Grease State
Grease State
Grease State
Grease State

20
Brittle
Brittle
Brittle
Non-Brittle
Non-Brittle
Non-Brittle
Non-Brittle
Non-Brittle

30
Brittle
Brittle
Brittle
Brittle
Brittle
Brittle
Brittle
Brittle

In vitro assessment has been applied to 28 (twenty eight) rabbit. It was found that
the obtained hydrogel has a better healing rate as compound to that commercial wound
dressing of sterile gauze and spatulle. The hydrogel was also showed some advantages
such as pleasant feel, comfortable and painless on removal, absorbed more excudate and
does not disturb the formula of cell and new tissue on the skin. The efficacy of radiation
formed PVA/PVP hydrogel dressing will be published elsewhere (2)

Pre clinical test is under investigated. The author are grateful to IAEA for
partially financial support under RC No. 8978/R2/DPA.
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In this report gamma radiation performed a double functioning of copoiymerization and
crosslinking -with -the advantage of avoiding the uses of chemical Cf ossJinkers to obtain the poly
(acrylsmid* -co- metacryilc acid) hydrogefa (AA f MA ). "The aim ofthis paper was to determine
the influence of absorbed dose \*pem the swelling degree and the kinetic behavior at different
pH solutions for hydrogel s from AA/MA.. ia. order to obtain matrices with different diffusion
•cfcaiBctnaistics, to allow for the contKA of the 5-fluDrouracal release (5-FU).
The pcdymezizaiian of the feed mixture of aarjAamide {AA) (75 %} and roetecrilio acid (MA)
(25%) in water solution ^as induced in. sealed glass ampoules -with "^Co gamma source. The
dose rate was 4,3 fcGy/h, according to Jxickfc and c«ic sulfate dosimetry. The applied doses
were ranging from 10 to 50 kGy. The synthesia reaxrtion is briefly represented, as follows:

Tha swelling experiments in saline solutions were carried out at 37 °C. The influence of absorbed
dose on the swelling ratio as a function of pH has be«n presented, (see Fig. 1,2). For these
hydrogels, swelling studies indicated that swelling decreases Tvitb. the increase of the absorbed
dose from 10 kGy to 50 kGy. The approximate average of the diffusion coefficients in water sail
solutions at pH 7.4 ware determined from the results by following the procedure applied in. [I],
for swelling experiments and the resulting values are given in Table I. It was confirmed 1hat at
the first stages (100-150 min) , the diffusion studies were in accordance with FicJdan behavior,
see (Fig 3); whereas the latest stages were in good agreement with second-order diffusion
kinetics proposed by Schott for tbe ejetensrve swelling of amorphous synthetic capolymersT2]-
The cytotoxicity of AA/MA copolymer networks was tested i" vitro by the quantification of
tetrasolium salt method (MTT). This test has shown inertness of the hydrogel material
The preliminary survey of application of a new copolymer of MA/AA_ on entrapped 5-fU was
made. The lirug delivery was followed by HPLC. The 5-FU release rate was decreased from 16
*/D (for the absorbed dose of 10 kGy) to 5,6 % (ibr the absorbed dose of 50 kGy) *« 8 «ours"
time (see Fig. 4}. The cumulative amount of drag released from aa. insoluble inert hydrogel was
proportional to the square root of time and followed the equation developed by IgacM for plain
structure systems. Thus, it -was also found that the diffusion coefficients axe net dependent on
disc load [3], These hydrogeb exhibit a higher degree of swelling, a factor that can be controlled
by changing the degree of crosslinking by means of changing the value of adsorbed dose.

Table 1. Diffusion coefficients of hydrogels from AA/MA determined following Fiek's law

Parameters
pH / Adsorbed Dose

(kGY)
7.4

Piffusion Coefficients (cmVs) x 10*
10 kGy

1.54 ± 0.04

30 kGy

0.37 ±0.08

50 kGy

0 3.1 ± 0.04
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Hydrogels, being crosslinked hydrophilic polymers and copolymers. Much
attention has been directed in recent years to polyelectrolyte-type hyrogels that undergo
controllable volume changes in response to small variation in solution conditions.
Temperature and pH have been the solution variables typical physiological and chemical
systems. Temperature and pH-sensitive gels have been suggested for use in a variety of
novel applications, including controlled drug delivery, immobilized enzyme system and
separation processes.

In this study, N-vinyl 2-pyrrolidonone were co-polymerized by Uaconic (LA),
citric (CA), acrylic (AA) and tartaric acid (TA)with gamma rays. Mono-, di- and tri-
protic acid was chosen to determine the effect of carboxylic acid groups on the adsorption
capacity of co-polymeric hydrogeL

Three components were used in the preparation of PVP-g-(lA, C.A, AA, TA)
hydrogels, namely VP, (IA, CA, AA, TA) and distilled water. Aqueous solution of
monomers of 2 mL VP and 60, 90, and 120 mg (IA, CA, AA, TA) were prepared in 1 mL
of pure water in different composition (VP/fJA, CA, AA, TA) mole ratios; 98.4/1.6;
97.6/2.4; 96.8/3.2). These compositions were irradiated by gamma rays until the gel form
reached.

First, these hydrogels were subjected to basic characterization studies (swelling
studies) in different conditions such as pH, temperature and ionic strength- And then, the
adsorption capacity of uranyl ions and enzyme onto these hydrogels were followed. Some
typical results are as follows. P V P / I A hydrogel was adsorbed max. 3.40 mg a-amylase.
18.40 mg invertase, and 70 mg uranil ions per dry gel.
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usiite

increaied

Hysdiogels have been successfully produced with a mixture of agar and
sol lit Ift polymers (1) but so little work had been carried out to exploit

The purpose of this preliminary research work is to replace agar i
am >djier type of polysaccharide, to increase the value added of sago starch,
commodity produced abundantly in Sarawak State of Malaysia. The i
rex yeting and biodegradable products for future generation makes the use
foi expanding in application of hydrogeL

In this case of study, the sago starch were blended with various typo
po.yjners such as polyvinyl pyrrolidone, polyvlnyl alcohol and polyethylei fe
polymers in aqueous solution have been successfully produced into hy<^ogel
irridiated with Cobalt 60 source or electron beam accelerator. Since the
di« s<ilve in water, the mixture of starch and water-soluble polymers were blei ded
at about 70 °C which is the gelation temperature of starch, for about 15
geation temperature, the sago starch granule begin to hydrate or sw

nihetic water-
starch in this

sago starch
wl»ch is one of the

emphasis on
of starch desirable

horn

Tlie

Dgenous solution after the blending process.

us

TLe

whole mixture were transferred into the mould or petri dish and cooled at room
sc utions turn into

irradiation dose
temperature prior to irradiation. During the cooling period, the mixture
seni-gel form. Then, th© samples were irradiated between 20 to 60 kGy

ng electron beam accelerators at 3MeV voltage and 10mA beams current.

performance of these hydrogels were determine by a series of analysis
fra'ction, mechanical properties such as tensile strength (gel strength) and "~

•dso swelling behaviour in water.

Figure 1 shows various effect of sago starch on the gel fraction of water-
hjdiogel blend with sago starch. In the case of PVP/starch hydrogeL,
starch reduce the gel fraction but further increase to 10% of starch in
inunsasing on gel fraction. However for FVA/starch hydrogel, it show optimum
at 7 5% sago starch. But, both hydrogels have more or less the same
dest, which is increase irradiation doses will reduce the gel fraction. Or
PI!O/starch hydrogel show very small significant changes on gel fraction
an lcjunt of starch and also with increasing irradiation dose.

en though PVP/starch and PVA/starch hydrogels show different char icteristic on gel
fniciion, but refer to gel strength as shown in Figure 2, they have the sai ie patent that is
in casing amount of starch will increase the gel strength of hydrogel. Iirajliation dose also
pi lys important part in improving gel strength of both hydrogels. While, PE< '/starch hydrogel
sh|o\jvs the important of both irradiation dose and sago starch concentration in determine the
gel jstjrength of hydrogeL Where, it has optimum condition at 5% sago starctyiand irradiation
df

iCTRON

if water-aolublc
oxide, These

(2) when
starch does not

in hot water
iftjrtutes. At this

11 and produce

in aspect of gel
ion at break,eloiigati'

oluble polymers
amount of

blend shows
gel fraction

of irradiation
the other hand,
with increasing

men asing

effct

In t^r n of elongation, all hydrogels reveal decreasing in elongation with incre: jsing irradiation
dosk PVA/sago starch hydrogel give the highest degree of elongation about 1 pO?/*, follow by
PEO/^tarch hydrogel with elongation in the range of 120 to 160% andj the lowest is
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PVJV: torch hydrogsl about 50% elongation, at 20 kGy irradiation dose. Lii respect to the
elâ ti* ;ity of the hydrogel, FVA/stardi hydrogel show some characteristic behajdour especially
at sfra diation dose of 20 kGy with 5 to 7.5% amount of sago starch in the blenc'.

tfje
t formation or degree of crosslinking in the hydrogel can also

swelling or water absorption measurement The same criteria as in j
measurement can be observe on swelling property of these hydrogels. Addhio ̂  of sago
into! the water-soluble polymer reduces swelling capability of the hydrigel,
increasing the amount of sago starch or increasing the irradiation dose £
staqch does not give promising result, but among the blended hydrog^ls,
hydrogels have the highest water absorption, follow by PVP/atarch hydrogel
hydrqgel has the lowest water absorption capability.
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Figiir z 1: Effect of sago starch concentration on the gel fraction of hydrogcis.
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2; Effect of sago starch concentration on the gel strength of hydrogels.
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RADIATION PREPARATION AND CHARACTERISTICS OF SODIUM
CARBOXYMETHYL CELLULOSE HYDROGELS
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Sodium carboxymethyl cellulose (CMC) is a kind of degraded polymer under irradiation.

However, in this work, it can be found that CMC crosslink partially to form hydrogel by radiation

technique at more than 20% CMC aqueous solution. The gel fraction increases with the dose, The

crosslinking reaction of CMC is promoted in the presence of N2 or N2O due to the increasing of

free radicals on CMC backbone (Fig.l). Fig.l also manifests that gel fraction of CMC hydrogel

isn't high (less than 40%).

CD

0 20 40 60 80 100 1;

Dose (kGy)
FIG.1. The change of gel fraction of CMC hydrogel with dose.

25% CMC solution, 3.15Gy/s. A. in air, B: in N,, C: in N O

Some important values related to this kind of new CMC hydrogel synthesized at different

conditions, such as radiation yield of crosslinking G(x), gelation dose R ,̂ number average

molecular weight of network, Me is calculated according to Charlesky-Pinner equation from the

results in Fig.l (Tab.l). According to the results in Tab.l, it isn't difficult to found that although

crosslinked CMC hydrogel can be prepared by radiation method, the rate of radiation degradation

of CMC is faster than that of radiation crosslinking due to the character of CMC itself.

TAB.l. Some important values related to CMC hydrogel

in air
inN?

inN,0

poxl05

6.91
7.14
8.84

qo*105

4.84
5.41
6.88

Mcxl0"5

(50kGy)
1.03
0.92
0.73

G(x)

0.93
1.04
1.32

Rs(kGy)

27.3
20.6
15.4

Where. po is the ratio of main chain scissions per unit dose to chain units. qo is the proportion of chain units

crosslinked per unit dose. Mc is number average molecular weight of network. G(x) is radiation yield of

crosslinking. R̂  is gelation dose.
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In this work, swelling dynamics of CMC hydrogel and its swelling behavior at different

conditions, such as acidic, basic, inorganic salt as well as temperature is investigated, too (Fig.2,

Fig.3). Strong acidity, strong basicity, small amount of inorganic salts and lower temperature can

reduce swelling ratio. Because of no toxicity and good biocompatibility of natural polymer,121

CMC based hydrogel will have wide application in biomedical materials.

0.0

Concentration of inorganic salt (mol/L)

0.1 0.2 0.3 04 0.5

0 200 4 00 600 800 1000 1200 1400 1600

Swelling time (h)

FIG.2. A: The change of swelling ratio of CMC hydrogel in distilled water with the time

B: Effect of tfie content of NaCI on swelling behavior of CMC hydrogel, swelling time: 24h

C: Effect of the content of CaCI2 on swelling behavior of CMC hydrogel, swelling time: 24h

25% CMC solution, 50k'Gy. 3 15Gy/s, in N swelling terrperature: 40°C

Temeprature (°C)
20 30 40

1 ' 1 ' 1 ' I ' 1 ' 1 1 1

FIG.3. A: Effect of temperature on swelling behavior of CMC hydrogel in distilled water

B: Effect of pH on swelling behavior of CMC hydrogel, swelling temperature: 40°C

25% CMC solution, 50kGy. 3.15Gy/s, in N ? swelling lime: 24h
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Vinyl ethers of glycols and monoethanolamine are perspective monomers for synthesis of
various kinds of stimuli-responsive water-soluble and water-swelling polymers by radiation
polymerization [1-3].

CH2 = CH CH2 = CH CH2 = CH

? ?
(CH2)2 (CH2)2

OH O

(CH2)2

OH

VEEG VEDEG VEMEA

Novel hybrid pH- and thermosensitive linear terpolymers and hydrogels were synthesized
by y-irradiaiion terpolymerization of hydrophilic VEEG, hydrophobic vinyl butyl ether (VBE)
with anionic acrylic acid (AA) or cationic VEMEA. The general regularities of terpolymerization
have been studied. Linear terpolymers VEEG-VBE-AA and VEEG-VBE-VEMEA possess lower
critical solution temperature (LCST) in aqueous solutions. The LCST of terpolymers strongly
depends on pH and ionic strength of solution- An increase of pH decreases the LCST for VEEG-
VBE-VEMEA and increases for VEEG-VBE-AA. An increase of ionic strength of solution
considerable decreases LCST in both cases. The swelling behavior of prepared networks has been
studied in dependence of temperature at different pH and ionic strength values of solutions. For
icijpolymci iiydiogob VEEG VBE A A the recwellinjr nf ihe. gels depending on temperature was
detected. The qualitative model that predicts the existence of structural inhomogeneity
(hydrophobic and hydxophilic domens) in hydrogels owing to the different reactivities of
monomers has been developed [4]. It was shown that the heterogeneity of the synthesized
hydrogels can be varied by changing the synthesis conditions. The highly heterogeneous gels
show the ability of volume oscillating behavior upon the temperature increase.

Interpenetrating networks (IPN) were prepared by polymerization of pH-sensitive
component AA inside the thermosensitive network of VEEG-VBE swollen in monomer. It was
found that the equilibrium swelling degree of IPN is higher than the swelling degree of pure
VEEG-VBE. Due to the presence of AA the IPN are simultaneously sensitive lo pH and
temperature. The pH interval of phase transition for IPN can be regulated by varying the VEEG-
VBE composition and PAA content.

Polyampholyte hydiogels were synthesized by y-irradiation polymerization of VEMEA
with sodium acrylatc. The general regularities of cross-linked structure formation have been
studied. It was shown that an increase of sodium acrylate concentration in feed mixture leads to
formation of more cross-linked network. The complex formation of polyampholyte hydrogels with
transition metal ions has been studied. The influence of pH and ionic strength of solution of the
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swelling behavior of polyampholytc hydrogels was studied. It was shown that in isoeleclric point
the increase of ionic strength slightly increases the swelling degree of the gels.

Polyvinyl ethers of glycols form interpolymer complexes stabilized by hydrogen bonds
with polycarboxylic acids in aqueous and organic solutions [4, 5]. Hydrogel membranes were
obtained by y-irradiation treatment of solid interpolymer complexes of vinyl ether of
eihyleneglycol and polyacrylic acid_ The swelling behavior of the synthesized membranes has
been studied in water, ethanol and their mixtures. It was shown that an increase of irradiation dose
considerably decreases the equilibrium swelling degree of composite membranes in water. The
maximal swelling of cross-linked IPC films is realized in water-ethanol mixture (1:1) due to the
simultaneous solvation of hydrophjlic parts of the polymer by water and organophilic ones by
ethanol. The cross-linked composite films possess typical polyelectrolyte hydrogels properties
such as pH- and ionic strength responsive swelling behavior.

The synthesized stimuli-responsive hydxogels and membranes are very perspective for
application in medicine, biotechnology, sorption and separation technologies.
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INDUSTRIAL PLANT FOR. ELECTRON BEAMJFLUE
GAS'TREATMENT J. _ |

A. G. CHMOSLEWSKI^E. ILLER, B. TYMniSKi, Z-ZIMpEK
I&Stitate of Nuclear Chemistry and Technology .
Dorodna 16, 03-195 Warsaw, Poland

i LICKI ; i
Institute pf Atomic Energy ' \ ;
.65-400 Swierkk/Otwockaj Poland ;

Polish pilot plant for electron beam fhie gas treatment has been
put in operation at Electropower Station Kawe_czyn in 1991. This plant:

- of 20 GOO Nm /̂h flue gas flow is equipped in two accelerators, installed
: in series, 50 kW beam power and 700 keV electrons energy, each! New
solutions like longitudinal gas double irradiation, window protecting air
curtain have been applied. ;

On the basis of successfully performed tests the industrial plant
has been designed. The main principles of the pilot iplant have been

; transformed to this construction. The plant is being constructed at
ElectricPower Station Ponxprzany (Szczecin, Poland) and will treat.
270 000 Nm3/h flue gases. Power of accelerators installed is 1.2 MW
(2x2x300: kW, two transformers with two heads). Installation consists
of humidification tower, gas irradiation chamber with accelerators,
electrostatic precipitator and ammonia water storage and dosage unit,
Power station will supply byproduct as a raw material for NPK
fertilizer[lj- :

High concentration of NOX and relatively low content of SO2 in
flue gas emitted ftom Benson boilers establish the specific conditions •
for fltue gas treatment. The parameters of e-b process are chosen so as
toi guarantee efficiency of removal of MOX up to 80% and of up 70%
SO2 in continuous operation of the installation. For intermittent
operation up to 80% removal of NOX and 90% reduction of Sdb are

: : e x p e c t e d \ -•• : r : •• -' .
iThe conceptual system arrangement of this situation is shovynin Fig. 1.

The flue gas will be humidified up to 10% by volume in a dry
bottom spray cooler. Ammonia is then injected before two parallel
irradiation vessels equipped with two 300 kW, 800 keV accelerators
installed in series (Kaw^czyh pilot plant's solution). Longimdink gas
irradiation will be applied. Formed aerosol will be collected in dry ESP
wi& a flat Heated bottom furnished with a scraping device. The;
manufacturer guaranteed high removal efficiency (paniculate at the
outlet'less than 20 mg/Nm3) and corrosion resistivity of the equipment.
The.product will then be granulated for final distribution.

The ammonia consumption is estimated to be 180-200 kg/h and
the byproduct yield to beca. 800 kg/h. Ammonia water will bemused; as
die, media, for the preparation of gascoiis ammonia.
; The installation will be put in operation since September 2000:
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FIG. 1. Process flow diagram of e-b installation: at the EPS
Pomorzany, Szczecin. :
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ELECTRON BEAM DECOMPOSITION OF VOCs CONTAINED IN AIR
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A research on electron beam decomposition of volatile organic compounds (VOCs) was

carried out to get information to develop effective treatment method of off-gases from

industries. Airs containing aromatic compounds, chloroethenes and other compounds

were irradiated with electron beam in batch and flow systems. Decomposition efficiency,

products and reaction mechanisms will be discussed.

Experimental methods

The model gases containing VOCs were prepared by bubbling air in liquid organic

compounds and diluted with fresh air to adjust the concentration as shown in Fig. 1 (a).

For electron beam irradiation, both batch and flow reactors were used. In the batch

system, the model gas was sealed in a glass reactor with the dimension of 50 (W) x

200(D) x 50(H) in mm each. The gas was irradiated with 2 MeV electron beam by

passing through the reactor under the scan horn of the accelerator. The dose was

adjusted by changing the number of passes. Reactor size for the flow system was 70(W)

x 200(D) x 25(H). An electron accelerator with 175 kV accelerating voltage was used

and the dose was adjusted by changing the beam current. The flow of gas is shown in

Fig. Kb).

Gas dvrnufograpb

I >

Aerosol

collector

(a) Batch system (b) Flow system

Fig. 1 Experimental apparatus for batch and flow systems

Results

Aromatic compounds

Decomposition of several kinds of aromatic compounds was tried. The G-values of

decomposition of benzene, chlorobenzene, toluene and o-xylene were 1.0, 1.1, 2.2 and 2.1
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respectively [l]. Gaseous substances and aerosols were produced. The gaseous

products consisted of aliphatic oxygenates that were formed from the ring cleavage

oxidation. The oxidation of aromatic compounds with the reaction of nitrogen oxides

gave low vapor pressure compounds to form aerosol particles. In the irradiation of

chlorobenzene [2], about 65 % of chlorine in the reacted chlorobenzene was dissociated

from carbon at doses of 4 and 8 kGy. The majority of reacted chlorine was found out in

the gaseous products. Ammonia addition enhanced the dechlorination to 80 %.

Chloroethenes

G-values of decomposition of chloroethene increased with number of chlorine atoms in

a molecule. The G-value also depended on the concentration and the higher

concentration gave a larger value [3]. Chlorine radical chain reaction was the main

decomposition mechanism [4]. As the decomposition products in irradiation of

trichloroethylene, for example, dichloroacetylchloride, CO, CO2, phosgene and a trace

amount of chloroform were identified. With an alkaline solution, the products except

CO were completely removed from the gas phase.

Other VOCs

G-values of the decomposition of dichloromethane and dichloroethane were about 3

and 4.5. A multi-pass irradiation gave larger decomposition efficiency. The products

from dichloromethane were CO2, CO, COCb, HC1 and a trace amount of chloroform.

The addition of small amount of water or alkaline solution after irradiation converted

phosgene into CO2 and HC1 as the same as that in trichloroethylene
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ELECTRON BEAM PURIFICATION OF FLUE GAS WITH

HIGH CONCENTRATION OF SULFUR OXIDE
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This work is handling the flue gas containing much higher concentrations of
SO2 up to 4800 ppm which corresponds to those of SO2 in the flue gas from Bulgarian
lignite-burning boilers. The purpose of the present work is to obtain basic data, with
which the applicability of the electron beam processing can be evaluated for the flue
gas. The composition of simulated flue gas used in this work was 4800 ppm SO2, 320
ppm NO, 12% CO2, 7.5% O2, 80% N2, and 22% H2O. After the addition of NH3, the
simulated flue gas was irradiated at 70°C and 8 0 t with an electron beam (1.5 MeV)
from a Cockcroft-Walton type electron accelerator. The concentrations of NH3 added
were 6900-9000 ppm, which corresponds to 0.7-0.91 NH3 stoichiometry, where NH3
stoichiometry is defined by the initial concentration of NH3, SO2 and NOx, namely,
[NH3]/(2[SO2]+[NOx]). By-products produced by electron beam irradiation were
collected by the electrostatic precipitator.

Fig. 1 shows the experimental results of the dose dependence of SO2 and NOx
removals and NH3 leakage at 7 0 t , together with the results by coal-fired flue gas
(800 ppm SO2) used at Nagoya Pilot Plant[1]..
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Fig. 1 Dose dependence of NOx and SO2 removals and NH3 leakage at 70
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Removal rate of NOx increased with increasing dose, and reached 88% at 10.3
kGy irradiation. Conversely, removal rate of SO2 was almost saturated (>97%) at a
dose higher than 2.5 kGy, while the rate without irradiation was less than 58%. In
spite of containing higher SO2 and NOx concentrations, the removal efficiencies of
SO2 and NOx were higher than in coal-fired flue gas. The amount of leaked ammonia
was strongly affected by inlet concentration of ammonia. At 0.86 NH3 stoicbiometry,
almost no leakage of ammonia was detected, however, at 0.9 NBb stoichiometry,
rather large amount of NH3 leakage was observed.

Furthermore, the mechanism on removal of SO2 and NOx by electron beam
irradiation of simulated flue gas was discussed [2] from "radical" reactions and their
branching ratios related to the removal of NO and SO2 in lignite-burning flue gas. Fig.
2 shows the main reaction pathways to remove NOx and SO2. Dotted Hues indicate
"thermal" reactions. Oxidizing processes of NO and SO2 to form NH4NO3 and
(NEU)2SO4 through HNO3 and H2SO4 are most important pathways to produce by-
product.

NO^ removal

HNO2

2 —> NO ; > N02 > HNO3
N I N • 3

NH Nl
VNH ? 4<NI
N2 ' N'2d

2 NhLNO,

HSO3

l o - - " £ - -> H2SO4

^(NH4)2SO4

Fig. 2 Main reaction path for removals of NO and SO2.

Based on these studies, a pilot plant for treating lignite-burning flue gas is
under construction in Bulgaria and the test will begin in 2000.
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The electronic-beam (e-beam) produced by an accelerator has been
used more and more for the power station flue gas cleaning recently, it can be
removal SO2, NOx, VOC (Volatile Organic Compound) and fine particle
simutaneously. The e-beam energy produced by DC rectifier is lower than 1
MeV and the penetration range in the flue gas is about 3 meters. And it is
relative to short to follov the requirement of big power station, around 8-10
meters. The energy consumption by the DC rectifier is relative high compared
with the common non-ac derator SO2 removing processes.

A new RF-pulsed machine has been designed. The produced e-beam
energy from the new RF-pulsed machine could be reached 2 MeV and the
penetration range in a flue gas is about 10 meters. Ability to efficiently
generate a high average power beam at 2 MeV and above in a much smaller
package than DC rectifier technology. This couples with the fact that beam
energies of 2 MeV and above are needed for actual power stations in the 300
MWe range.

The possibility that-by using pulsed operation-a reduction in dose for
removal of S02 (and perhaps NOx) can be realized, as suggested by Ignat'ev
etal. .

Experiments were described by Mr. Ignat'ev, see figure, in which the
energy consumption to remove each SO2 molecule is strongly depend on the
beam current density and was found to be as low as 0.7 eV, when the beam
current density is about 4 mA/cm2. Comparing with the energy consumption
is about 5 eV where conventional e-beam dry scrubbing (EBDS) is carried out.

The finding cited by Mr. Ignat'ev could imply that the electron beam
power, and thus the dose, to remove SO2 and NOX from power plant effluent
could be less than is customarily supposed. This would further imply that the
capital cost and space required for installation and shielding of e-beam
machines to cleaneffluentsat large fossil fuel burners, and the corresponding
diverted power to operate the machines, would be lower than now believed.
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If the beam current density is higher than 4 mA/cm2, the energy
consumption to remove each SO2 will be increased once again, as indicated
on the figure. A preliminary explanation of Ignat'ev curve is presented in this
paper. As common understand that the basic radiation chemistry process by
e-beam scrubbing for the SO2 and NOx removal can be divided into three
phase. The first is the decomposition of H2O, H2 and O2 by beam irradiation.
The high electron beam current densities can be supplied by a pulse machine.
Under the pulse beam irradiation the build up of negative ions effect and the
effect of decomposition of immediate production can be avoided.
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Synopsis

There are over a hundred medium size power plants (200 MW and les_s) burning coal to derive

energy in China. At a number of plants coal used contains quite a big amount of sulphur. Only a few are

equipped with de-SO* facilities. Stemming from rises of industrialization and urbanization of the rural

regions, quality of ambient atmosphere in many areas worsened rapidly.

The technology for removal of SO2 from the stack had been well established engineering is still in

the embryo stage. Many have to rely on importation of foreign technology. Indigenous technical

manpower is insufficient and there existed serious shortage of financial input to environmental

protection.

In China, study of radiation chemistry begun in the 60's and industrialization of radiation

technology in the wire and cable works (including heat shrink production) has been realized in the 80's.

Radiation treatment of wastes including EB treatment of wastewater, drinking water and flue gases were

investigated in the 90's. In R and D, lacking sufficient funding, only lab scale experimentation has been

undertaken. Literature tracking however has been extensive.

Radiation chemistTy of electron beam de-SOx and de-NOx has been scrutinized.^ There were many

reports on electron beam utilization. Various schemes have been proposed and tests made were many.**

Unlike radiation chemistry of aqueous system, on account of the moving gas molecules are

thermodynamically distributed in the EB reaction chamber and the primary radiation chemical reactions

and the radical induced reactions are fast, dose effects cannot be well modeled. Our conceptual plan of

EBGC demonstration unit taking shaped in Shanghai is a result of pooling together the technical human

resources from research institutions, chemical engineering and power engineering sectors of the

industries and the accelerator manufacturers.

The unit to build involves integration of EBGC with wet ammonia de-SOx- for simultaneous

removal of SO* and NO*, 90 % removal of SO2 is aimed and the removal of NO* is optimized. The first

demonstration unh contemplated is for de-SOx and de-NOr of a 50 MW power plant. Thermal chemical

removal of SOi by cooling/mixing is to be tested,^ and do-NO* is to be greatly enhanced.

The Unit comprises pre-processing ESP, cooling/mixing processor, high voltage high power

generator and two accelerators, EB reaction chamber, re-crystallization separator and bughouse

collector.
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Electron Beam Treatment of Dyeing Wastewater
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Korea Dyeing Technology Center, Republic of Korea

A-K-Pikaev, I.E. Makarov, A.V. Ponomarev

Institute of Physical Chemistry of Russian Academy of Sciences.. Moscow. Russia

Dyeing Industrial Complex in Taegu city, Korea includes more than hundred
factories which have equipment used for dip dyeing, printing, and yarn dyeing. The
production requires high consumption of water (90,000m Vday). steam, and electric
power, being characterized by large amount of highly colored industrial wastewater.
Therefore, intensive and effective purification of the wastewater is one of the most
complicated and actual problems of current activities.

The studies have bt*n carried out regarding the possibility of electron beam
application for purification of wastewater. The experiments on irrudimion nf model dye
solutions and real wastewaier .samples (from various stages of current treatment process)
hnvc been performed. The results of laboratory showed the application of electron beam
to be perspective for its purification. The most significant improvements result in
decolorizing and destructive oxidation of organic impurities >n wasicwarer. Installation
of the radiation treatment on the stage of chemical treatment or immediately before
biological treatment may results in appreciable reduction of chemical reagent
consumption, in reduction of the treatment time, and in increase in flow rate limit of
existing facilities by 30-40%.

Being convinced with the feasibility tesc results, a pilot plum for a large-scale
icst (flow rate of 1,000m"* per day from 80,000m"Vdciy of total wastcwaler) has
consirueled und operated with the electron accelerator of IMcV. 40kW. The accelerator
w:is installed in Feb. 109$ and die Tower Style Biological treatment facility <TSH) has
also insiall&J ill October 1998. The wastewater is injected under the e-bcam irradiation
area through the nozzle lypc injector lo obtain Ihe adequate penetration depth. The speed
of injection could be varied upon the dose and dose rate.

Over a year's continuous operation of pilot plant since October 1998. we found.

-. F.leetron beam irradiation instead of chemical treatment shows much improvement
in removing impurities and increases the efficiency of biological treatment.

-. Electron beam treatment combined with biological system shows the reduction of
chemical reagent consumption with the increase in removal efficiencies of COD
and BOD up to 30-40%.
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-. filcctron beam irradiation can reduce the retention time in Bio-treatment., and hence
the: volume of Bio-treatment system and the size of building site.

-. For industrial wascewat&r with high impurity levels such as dyeing tvustewater.
purification only with electron beam requires high amount of doses nnd far beyond
economies. Combined with conventional purification methods such its coagulation,
biological tre-arment etc. is suitable for reduction of non-biodegradahle impurities.

TOC COD(Cr)

5?

SteiU--
O -r-

Stec;

On the basis or technical and economical evaluations obtained from pilot plunl
o perm ion. ;i cc>n.slructii>n olCommercial pliint is under Consideration for.

- Decreasing the amount of chemical reagent up to 50%
- Improving the removal efficiency of harmful organic impurities by 30%
- Decreasing (he retention time in Bio-treatment facility

The characteristics of commercial plant are with the maximum flow raic nf
M).<K)0ni'/day usinsj one liVfeV, 40QkW accelerator, and combined wiih existina Bio-
trcalmeni facility. The xuiuihle doses are determined as around I kGy.

1. A-K.PikuCv. oi. nl. "Cornbined electron beam and coutjulaticm method of
of witior from dyes". Mendeleev Communication, June 1007 ppl 7A-17S

2. H.I l:m, cl al. "Research Activicics of Samsung Heavy Industries on the Conservation ul
ihe r.nviammem", Sep. (997. Zakopane, Poland (IAEA report IAEA SM-350/12)
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RADIATION PROCESSING OF SEA-WATER FOR COD REDUCTION
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Austrian Research Center Seibersdorf GmbH, Seibersdorf, Austria

There is now as ever an increasing market for marine aquaculture products
all over the world. Accordingly intensive fish culture systems has been installed
worldwide to satisfy the demand for these products. However, as a consequence
there is also a negative environmental impact which has become already a big
concern of some leading environmental protection agencies. The main imput is
from fish feed which is partly released into the water as suspended organic solids
or as dissolved matter originating from excess food, faeces and excretions. Most
of the dissolved substances are biodegradable. However, biodegradation proceeds
in sea-water rather slowly and produces likewise biomass which would again
burden the marine environment and, moreover, prevent a reuse of the treated
water. Consequently there is. a need for a residual free water purification
technology to make water recycling feasible.

Average contamination of the sea-water can be described by a COD of
about 30 mg/L together with about 1 mg/L of nitrite. The COD of the finished
water should be below 5 mg/L, nitrite should be totally eliminated. Considering
the biodegradability of the substances to be removed chemical oxidation could be
the process to realize a residual free water purification. However, there are not so
many oxidants available for such a process. Beside ozone just the highly reactive
OH free radicals has to be seriously considered because hydrogen peroxide
- another possible candidate - is even not able to oxidize nitrite at this concen-
tration level technically feasible.

The most simple method to generate OH free radicals in water is its
irradiation with ionizing radiation. However, along with the OH free radicals
reducing species are formed which often induce undesired side reactions.
Therefore, ozone is added to the water before or during irradiation which converts
the ,,hybrid" irradiation process into a pure oxidation process. Consequently the
processes which have to be investigated were: ozonation, irradiation using
ionizing radiation and combined ozone/irradiation treatment.

Experiments performed with original sea-water from the fish farm failed
because there was always an uncontrollable biodegradation on the long way from
the farm to our laboratory. Therefore, we decided to use surrogates to study COD
reduction in sea-water and chose 4-chlorobenzoic acid (which is known not to
react with ozone but very effectively with OH free radicals) and glucose which
reacts with both ozone and OH free radicals. However, the reaction rate constant
for the reaction with OH free radicals is about five times less than that of
4-chlorobenzoic acid.
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Irradiation experiments performed in an AECL Gammacell 220 for COD
reduction using the surrogates in original sea-water and a ,,synthetic" water just
containing the radical scavengers of the natural sea-water but not the inert salts
like chlorides, sulfates a.s.o. clearly indicated that the high salt content of the sea-
water acts like a shielding and resulted in a higher dose requirement for the same
amout of COD reduction. Moreover, COD reduction just by means of gamma
irradiation resulted with both surrogates in worst results as compared with the two
other processes mentioned. Addition of ozone during gamma irradiation improved
the efficiency of COD reduction considerably in both cases (see Fig. 1).
Somewhat surprisingly is that the dose requirement as well as the ozone demand
for a COD reduction down to 5 mg/L was almost identical for both surrogates
although their structure and reactivity is quite different. Using glucose as
surrogate allows COD reduction down to 5 mg/L by means of ozone alone. In this
case the ozone demand is about twice as much as it is in the combination with
gamma irradiation. However, a radiation dose of 2 kGy in combination with an
ozone demand of about 120 mg/L for such an amount of COD reduction as
described here is much too high to seriously consider a technical application.

O y-irradiation

• O3 / Y-irradiation

X O3 treatment

COD
(mg/L) 25
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500 20001000 1500
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2500
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Fig. 1: COD reduction in sea-water by different treatment processes using glucose
(full symbols) and 4-chlorobenzoic acid (open symbols) as COD surrogates.
O3-demand scale is valid for both ozonation (x) and O^y-irradiation ( • , • ) .
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THE IMPORTANCE OF RADIATION MICROBIOLOGY ON
ENVIRONMENTAL AND HEALTH-CARE APPICATION

L.G. GAZSO
National Public Health Center, "Frederic Joliot-Curie" National Research
Institute for Radiobiology and Radiohygiene, Budapest, Hungary

An important step in developing the background for the radiation
technology is to review the radiation microbiology. The microbiological
activity of ionizing radiation is one of the radiobiological effects that is
of considerable interest in medicine, public health and industry. The
radiation technology has already been employed for sterilizing health-
care products, pharmaceuticals, cosmetics and biological tissues - food
preservation and waste water treatment. In most cases the final objective
to inactivate or eliminate the microorganisms.

The radiation induced inactivation of microorganisms under a
given test condition is a resultant effect of series of complex physical,
chemical and biological processes. The sensitivity of microorganism
towards high energy radiation varies widely: different types, species and
strains exhibit greatly different radiation sensitivities. Certain
environmental factors are also able to influence the actual radiation
response.

The relationship between dose and effect can be demonstrated by
different kinds of survival curves. It is a common practive in the radiation
biology to present results in the survival curves, where surviving fraction
of microorganisms plotted semilogarithmically against dose of radiation.
For practical application of radiation effect, the D i0 values (decimal
reducing dose) was introduced, which is the dose required to reduce the
population by a factor often.

In general it is accepted that viruses are more resistant than
bacterial spores. Single-stranded simple viruses are more sensitive then
double-stranded complex structures.

The bacteria show more complexity than viruses. Among the
vegetative bacteria, Gram-negative organisms are more sensitive than
Gram-positive species. Bacterial spores are considerably more resistant
than vegetative species. The anaerobic spore formers (Clostridium) are
more resistant than aerobic Bacillus spores.

Most studies of the inactivation of fungi by irradiation have been
made on asexual spores. The radiation sensitivity of fungi is inflenced
not only by genetic factors but also by the number of cells in a spore and
the number of nuclei per cell.

The radiosensitivity of microorganisms can be influenced by
some factors other than genotype of species. This is possible because
radiation response depends on physical factors (quality of radiation, dose
rate, dose fractionation, temperature, etc.), on chemical factors (oxygen,
sensitizers, protectors, water content, etc) and biological factors (growth
phase, amount of DNA, etc).
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Collecting first hand knowledge about the actual radiosensitivity
of microorganisms is a cardinal point in the calculation of required doses.
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Pollution of the surface water in Shanghai is of organic type and its main pollution

is variables chemical oxygen demand, unionized ammonia, total phosphorus and

petroleum etc.. Water pollution comes from industrial effluent (about 3 million tons per

day or COD discharged about 120 thousand tons a year), domestic wastewater (organic

matter of about 170 thousand tons per annual). The pollution of agriculture and

livestock accounts for 15% of the total load; another important pollution source is

raining rush

The target of environmental protection in Shanghai for the year 2000 and 2010 was

formulated. The basic point is controlling stage before 2000 and improving stage after

2000. Therefore, refined process with high efficiency of removal, low operating energy

and no-second pollution has been needed. Some studies on radiation treatment of

aqueous solution and polluted water carried out in Shanghai. Radiation-induced

degradation and decolouration of dye wastewater, radiolytic decomposition of bleached

pulp-mill effluents, radiation regeneration of polluted activated carbon, application of

radiation technique to sewage sludge treatment and to emulsifier breaking.

Electron beam (EB) irradiation in combination with biological treatment was

identified to be promising for dye effluent treatment. Acid Blue 80, Acid Red 265,

Cation Ion Blue, BG, disperse dye yellow, RGFL, and disperse black, 2BL were

selected for preparation of samples in aqueous solution. The industrial wastewater

which contains azo dye, sulfide dye, ion dye, reactive dye and other surfactants.

Measurement of UV-visible spectra at GB aqueous solution indicated that aromatic

rings and color-generated group were affected by irradiation. Amount of aromatic rings

degradated is propo'tional to .amount of oxygen consumption. Therefore, aqueous

solution should be kept in certain oxygen concentration during irradiation.
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The conventional handling, treatment technologies and disposal methods of sewage and
septage sludge of some commercial cities of Ghana, is being studied with emphasis on
the effectiveness of the treatment methods. The possible introduction of radiation
processing of the sludge in combination with the conventional treatment methods is also
being studied in comparison with the conventional methods alone.

The studies involve examination of the two main treatment methods currently in use, the
Waste Stabilization Pond (WSP) and the Trickling Filter Plant (TFP) against standard
methods of examination of water and wastewater approved by the American Public
Health Association (APHA)[1]. The parameters investigated are temperature, pH,
conductivity, metals, chloride, sulphate, and ammonia content before and after the
treatment. Others are suspended solids, biochemical oxygen demand (BOD) and coliform
counts per unit volume. Radiation treatment of municipal sewage and septage sludge is
then applied in a combination processes using a multi-purpose pilot scale Co-60
irradiation facility at a dose rate of 4.8kGy/hr. Treated samples are fetched and
irradiated to different absorbed doses and then analysed.

By the conventional methods of treatment the conductivity of the final effluent at the
Tamale municipality as shown in Table 1 [2] had been found to be 292 uS/cm as
compared with the Environmental Protection Agency (EPA) of Ghana guidelines [3]
value of 750(iS/cta The pH ranged from 6 to 9 whilst the suspended solids stands at 140
mg/1 when the EPA guideline value is 50 mg/1. Although the EPA value for BOD is SO
nig/1, levels of 40 mg/1 has been observed in the final effluent.

What was apparently alarming was the faecal coliform in the effluent which was 6.6 x
10fi counts/lOOml as against the EPA guideline of value of 0/100 ml and WHO guideline
[4] value of 5000 counts/100ml for hot climates. Faecal coliform has been observed to be
associated with intestitial infections like bacterial food poisoning, typhoid and bacterial
dysentery through disease causing bacteria like salmonella sp., shigella sp. E. Coli etc.
The disposal of the final effluent either in the liquid or solid form leads to the
contamination of the environment with its attendant adverse impact on human health and
related consequences.
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Parameters
Temperature °C
pH, units
Conductivity, uS/cm
Sodium
Potassium
Calcium
Chloride
Sulphate
Ammonia
Suspended solids
BOD
Total Coliform
counts/100ml
Faecal Coliform,
counts/100ml

Raw Sewage
32
7.1
223
14.6
122.2
12.0
13.0
30.0
20.5
180
50

7.2 x 10°

2.7 x 106

Final Sewage
33
7

292
16

12.9
14
17
35
20
140
40

9.0 x 10"

6.6 xlO6

EPA Guideline Value
-

6.0-9.0
750

-
-

250
-

1.5
50.0
50.0

4.0x10*

0

Table 1: Initial results of the laboratory analysis of the sewage collected at the Kamina
Barracks.

The outcome of the radiation treatment in combination with the conventional treatment
method is promising, reducing contamination to safe levels at a dose of 4kGy. However
regrowth of total conforms has been observed after 7 hours of radiation treatment in the
liquid sludge samples which apparently leads to recontamination with pathogenic
bacteria. Radiation treatment of the solid sludge samples which have earlier been treated
by conventional methods is being investigated as well. The economic feasibility of the
radiation treatment in this combination activity has however not been examined.

REFERENCES

[1] American Public Health Association (1995) , Standard Method for the
Examination of Water and Wastewaters, 19th Edition. 1995, Washington DC. NY.

[2] Hodgson 1, Lamie S.A., Sewage, septage and faecal sludge management in
Tamale municipality of Ghana., Journal of Applied Science and Technology ,Vol.
4NOS.1& 2. 1995,67-71.

[3] EPA (Ghana) Guidelines on Environmental Monitoring.
[4] Mara D., Sewage treatment in Hot Climates, Wiley Interscience, London 1976.

102



XA0056302
IAEA-SM-365/55

The role of Monte Carlo Calculations ffor Electron Beam Irradiator
Design for Industrial Applications and I Dose Calculations

J. Mittendorfer, HP. Bierbaumer, F. Gratzl
Mediscan GmbH, Bad Hallerstr. 34, 4550 Krermsmunster, Austria

Submitted to the International Atomic Energy AXgency for consideration at the
"International Symposium on Radiation Technology in Emerging Industrial
Applications"

Beijing, People's Republic of China
6-10 November 2000-05-14

Abstract:

In this paper the importance of Monte Carlo Mdethods for the design of electron beam
facilities for industrial applications and dose caalculations is emphasized. The work is
based on research performed by Mediscan GrmbH, an operator of a state-of-the art
electron beam service center and innovator in the field of electron beam and x-ray
technology.

The paper is divided into three sections:

In the first section a short review of the existincg Monte Carlo Transport code is
presented. Special focus is devoted to the ITS> (Integrated Tiger Series) package,
which evolved as quasi standard for electron-fphoton transport calculations. Besides
an overview on the package and a theoretical i review of the implemented particle
transport theory and a detailed performance sttudy on contemporary Pentium
powered Personal Computer is presented.

The next section is devoted to areas, which beenefit from Monte Carlo Calculations.
Special focus is paid on the design of electrom beam and X-ray irradiators for
emerging industrial applications like polymer pprocessing, decontamination of food
and food packaging, wood plastics and environmental applications (ground water and
flue gas) in terms of safe and economic desigm and operation.

From the variety of applications two aspect aree discussed in detail and results of
preliminary design studies are presented:

The first subject is the electron beam treatmemt of food packing, which attracted a lot
of interest recently. As important step in the HJACCP (Hazard Analysis and Critical
Control Point) of food processing, microbiological uncontaminated food packaging
material is of public interest.
Studies at Mediscan GmbH have demonstrateed, that an electron beam treatment at a
dose of 5 - 7 kGy is most effective against yesast and mould, which are responsible
'or spoilage and short shelf life of a variety of j products.
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In this paper an optimal treatment scheme is prresented, which allowsa treatment in
pallets for most of the products evaluated. Thiss process guarantees a fast, just in
time throughput at minimal costs. A possible irrradiator design is presented together
with results from dose calculations performed vwith the ITS package.

The second subject is the advanced electron boeam - ozone treatment of ground
water, an area where Mediscan GmbH is very cactive. Monte Carlo calculations are
used to understand the design principles behirnd environmental application
installations in terms of primary electron energy and beam current in terms of
throughput and biological shielding requirememts.

This paper concludes with a summary of the iteems learned applying Monte Carlo
methods to design studies for emerging industrial and environmental applications.
It is shown, that the contemporary design of eleectron beam and X-ray installations in
terms of safety and economics together with prroduct dose calculations can benefit a
lot from existing Monte Carlo Code like the ITS package, especially when effort is
devoted to an user friendly interface, which inccreases the applicability of the existing
packages.

104



XA0056303

IAEA-SM-365/56

CONSISTENCY IN EVALUATION OF A FEW MeV ELECTRON DOSE AND
wCo GAMMA-RAY DOSE IN RADIATION PROCESSING

T.KOJIMA, H.SUNAGA
Japan Atomic Energy Research Institute (JAERI),
Takasaki Radiation Chemistry Research Establishment, Takasaki, Japan

R.TANAKA
Ion Beam Irradiation Service, Co.JLtd., Takasaki, Japan

As growing of radiation processing using high-energy electrons, accurate evaluation method
of electron energy and absorbed dose becomes vital for quality assurance of irradiated products.
Electron dose should have consistence with gamma-ray dose evaluation which is traceable to
national or international standards. A reference level ^Co gamma-ray dosimetry method at
JAERI has been maintained its high metrological quality through periodical calibration at a
Japanese standard laboratory as well as a dose intercomparison study with National Physical
Laboratory in UK [1,2]. Total uncertainty in estimation of gamma-ray absorbed dose in water
using a parallel-plate ionization chamber and alanine dosimeter is 1.7% (la) [2].

While a combined on-line measurement system, consisting of a total absorption calorimeter,
an electron current density (ECD) meter and a stack of cellulose-triacetate (CTA) film dosimeter,
has been developed for intra-calibration of electron energy and absorbed dose in the electron
energies of 1.0 - 5 MeV [3]. The combination of absorbed energy per unit area measured by the
calorimeter and electron fluence measured by the ECD meter provides calibration of energy of
incident electrons. The combination of the measured absorbed energy and depth-dose profile in
relative value measured by a stack of film dosimeters provides calibration of dosimeter. The
combined system, therefore, allows simultaneous calibration of energy of incident electrons and
un-calibrated film dosimeters when three measurement systems passed successively through the
irradiation zone of electron beams [4].

The uncertainty components in estimation of electron absorbed dose in water were reviewed
for relevant physical parameters e.g. the effective area of the calorimeter core, the specific heat of
the core materials. Total uncertainty in electron dose is 1.5% (la), as summarized in TABLE I.
Alanine-polyethylene film dosimeters with a thickness of 0.2 mm have been also developed to
compare absorbed dose for ^Co gamma-rays with that for a few MeV electrons [5].

Total uncertainty in evaluation of gamma-dose given by alanine film dosimeters was
estimated to be 1.7% (la) as the result of the addition of uncertainties in correction of
dose-response using weight, 0.1% (la).

Dose values evaluation by dosimetry systems separately developed for gamma-rays and
electrons were compared under 2 MeV electron irradiation only by changing irradiation pass
number to deliver different nominal dose. The delivered dose ranges with different pass
number from 1 to 12 was 10 to 120 kGy, which covers overlapping dose region of alanine and
CTA film dosimeters, 20-60 kGy. The difference of mass energy absorption coefficients and
mass stopping powers of relevant materials were properly taken into account for evaluation of
dose in water. The agreement of doses given by respective dosimeters was better than 2% (la), as
shown in FIG.l. This result is consistent with the value of 3.0%(la), which was obtained from
combination in quadrature of uncertainties in gamma dose 1.7% and electron dose 2.5%.

The consistency between gamma-ray dose and electron dose was confirmed through above
study. Dose intercomparison experiments are in progress between NPL and JAERI for 4-MeV
electrons to support this study. These results will contribute to provide highly reliable dosimetry
for the quality assurance in electron processing.

105



TABLE I Uncertainties in electron absorbed dose evaluation at JAERI
Source of uncertainties Type A ("A TvpeB
Calorimetry 0.5
Current density measurement 1.5
Correction for geometry/timing 0.5
CTA dosimeter system 1.0
Correction for depth dose distribution in CTA —
Mass collision stopping power conversion

- - - - • — . r---=..=. •-...-r-f »-*

Type A and Type B components combined
in quadrature separately
Both components combined in quadrature (la)
Total uncertainty, x 2 (2a*)

1.5
0.4

1.0
0.5

1.66 1.83

2.47
4.9
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FIG. I Comparison of electron absorbed dose in water given by CTA film dosimeters
with those given by alanine film dosimeters which were separately calibrated for
a few MeV electrons and gamma-rays, respectively. Nominal dose here is expressed
by means of one estimated from different number of 2 MeV electron irradiation
passes at a dose rate of about 10 kGy/pass.
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The energy depositions of 0.2-3.0 MeV electrons in Ti-Air-CIM-Cu multilayer
media have been calculated by the bipartition model of electron transport (Zhou, Y et
al., 2000).In addition the reflection coefficients of 20keV - lOMeV electrons on
Nylon, MAR, C, Al and Cu have been given (Zhou, Y. et al., 2000).The nylon films
have been used to measure the absorbed dose distributions of 0.6, 2.0 MeV electrons
in cable insulation materials (CIM). This film dosimeter was calibrated with Co-60
gamma rays, and its total uncertainty is better than 8% at a 95% confidence level.
Recently, the measurements and calculations of 0.6-2.0 MeV electron dose
distributions in circular objects have been carried out.

The results described above are used for electron dose mcmitoring system. The
hardware of the system consists of a 586 personal computer, A/D converters, three I/O
boards and an ISA interface board. The software was exploited under windows 98
operation system. It has a wealth of functions, a high response speed, a good human -
machine interface and many dynamic windows. The dose monitoring precision and
control speed are apparently improved. The system has been used for the absorbed
dose monitoring and process control in EB irradiation of wires and cables.
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The Radiation Technology group at ANSTO provides services and advice in the areas
of gamma irradiation and high-dose dosimetry. The group maintains and operates a
pond facility which contains seven annular cobalt-60 sources of various sizes with a
range of activities and dose rates. The main irradiation facility is GATRI - the
Gamma Technology Research Irradiator - a batch irradiator commissioned in 1970.

Materials commonly irradiated at ANSTO include medical and other products
requiring processing at sub-sterilising doses for manufacturers to comply with dose
verification and other regulatory requirements, items requiring decontamination and
disinfestation for quarantine purposes, frozen bone and tissue samples for transplant
surgery, monomers and polymers for modification of properties, virus samples and
Queensland fruit fly pupae used in the Sterile Insect Technique. During the past
twelve months, client demand for target doses ranged from 10 Gy to 2 MGy at
temperatures ranging from -80"C to 300°C.

Radiation Technology is licensed by Australia's Therapeutic Goods Administration
and the Australian Quarantine and Inspection Service, which requires maintenance of
a Quality System complying with the ISO 9000 series of standards.

In irradiating frozen biological material such as human tissue grails and quarantined
imports, ANSTO complies with the requirements of International Standard ISO
11137: 1995 (E), "Sterilisation of health care products - Requirements for validation
and routine control - Radiation sterilisation", and BS EN 552 : 1994, "Sterilisation of
medical devices - Validation and routine control of sterilisation by irradiation".
ANSTO's dosimetry practices are based on the standards published by the American
Society for Testing and Materials (ASTM). Dosimetry systems in use are Fricke
(Ferrous Sulfate), Ceric-Cerous Sulfate, Harwell Red and Amber Perspex and
Alanine/ESR.

Process qualification for frozen products involves dose mapping specific insulated
irradiation containers using simulated product to determine minimum and maximum
dose zones, and the use of dosimeters in reference locations during routine processing
at dry-ice temperatures. Reference standard dosimeters are used to establish all
critical processing parameters. Multiple determinations of these parameters provides
statistical information on repeatability

At ANSTO, measurement traceability to the national standard is obtained via a series
of measurements involving the Australian Primary Standard, the Secondary Standard
Dosimetry Laboratory, the Fricke Dosimetry system used as a transfer standard and a
dedicated Underwater Calibration Facility in ANSTO's pond. In conjunction with this
calibration process, Radiation Technology has made dose rate measurements using
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dosimeters supplied by the UK's National Physical Laboratory and the IAEA's
International Dose Assurance Scheme.

The absorbed dose measurement obtained after reading a dosimeter is somewhat
meaningless without an expression of the uncertainty associated with the result.
ANSTO follows the guidelines set out in ISO's 1993 "Guide to the Expression of
Uncertainty in Measurement". The uncertainty in the dosimeter result is combined
with the uncertainty associated with the calculation of minimum dose from the dose in
the reference position. The overall uncertainty figure thus obtained is used in
establishing target doses and process limits for routine processing in order to comply
with regulatory requirements.
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Abstract:

Using Alanine / ESR dosimetry technique, the dose check service

provided by IAEA / IDAS plays an important role for assuring the quality

of irradiation products and facilitating radiation processing

industrialization in the world. Since 1985 SSDL Shanghai as a SSDL

engaged in the research and services in the field of radiation processing

dosimetry participated the activities in International Dose Assurance

Service (IDAS) every year. The results of dose check were listed in table.

The data shows that the dose check run is successful, and the quantity and

value of high dose of Co-60 y-ray in SSDL Shanghai can be kept the

traceability to national and international dose standard. In this paper the

dose check technique was further investigated and discussed. It refers to

the difference idea between check and calibration, measurement phantom,

irradiation geometry, the standardization of various dosimetry methods,

what is the proper action level and acceptable limit, some technical

details and quality control in dose check including samples preservation,

temperature monitor and uniform of y radiation field etc. Some

suggestions were proposed for improving the dose check.
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High-energy heavy ions cause severe local damage, injury, or inactivation to

living organisms through high-density local energy deposition along the ion path. The

JAERI AVF cyclotron and electrostatic accelerators in TIARA (lakasaki Ion

Accelerators for Advanced Radiation Application) have been applied to biological

studies covering cell surgery technique for plant breeding [1], high-LET specific

mutation induced by ion beam [2,3], and the repair of DNA damage on radiation

resistant bacteria [4]. The findings show that ion beam irradiation is effective as a new

radiation source for mutation breeding and also that ion micro-beams become effective

tools for local inactivation of organisms and as analytical probes.

High-energy ion beams have been so far applied to radiation therapy

development in world-wide scale. However, there is no ion accelerator facility adapted

for biological or botanical research because of the lack of the strong incentive to the

research using accelerator beams. The ion beam irradiation research facility, TIARA,

may be the first facility to promote the research in a large scale. The facility was

completed in 1993, and extensive applications of ion beams have been conducted

mainly for R&D in materials science and biotechnology under full-scale operation of

the AVF cyclotron and three electrostatic accelerators [5]. A wide range of LET giving

different biological effectiveness and relatively deep penetration for heavy ions with

very high LET are covered by various ion beams from the four accelerators.

To meet various research requirements in the fields of materials science and

biotechnology, various technical development on ion beam application have been

performed. Cocktail beam acceleration technique has been developed for quick

switching of beam parameters with different LET values to obtain biologically

consistent results and also to operate the cyclotron efficiently [6]. High-sensitivity

micro-PIXE camera has also been developed for trace element mapping in cells as an

application of sub-micron beams from a 3MV electrostatic accelerator [7].

The present paper describes recent technical and research progress in new

application of the ion accelerator beams to biological studies in TIARA.
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At present, the world market of electron accelerator is saturated with the reliable and efficient plants
of 0.3-3 MeV energy range and the power of the beam extracted into air up to 150 kW. However, such
accelerators cannot satisfy the demand of new energy-intensive technologies (mainly referred to ecological),
which require accelerators with the power of an electron beam ranging from a few hundreds of kilowatts to
tens of megawatts. In its turn, the megawatt power complexes require modules with a minimum unit power
of hundreds of kilowatts.

At the Budker INP SB RAS, the high voltage accelerators of a new generation with the required
power of an electron beam extracted into have been developed. One of these accelerators is the ELV-12
accelerator with the power of electron beam of 400 kW at an energy of 0.6-1.0 MeV.

The ELV-12 accelerator compiled all the design and technological solutions found and checked in the
process of the development and manufacture of the ELV-type accelerators. General vies of the ELV-12
accelerator is shown in Fig. 1. Inside the vessel there is the tandem-type high voltage source, where two high
voltage rectifiers placed one above the other are operated in parallel with the common load. Each accelerator
consists of a set of rectifying sections connected between each other by the series-parallel circuit. Rectifying
sections do not comprise filtering capacitors. The low rippling of the output voltage is provided by an
increase in the operating frequency' up to 1000 Hz, by the phase shift of the feeding voltage in the primary
winding of the accelerator and by the presence of large constructive capacities in the accelerator (mainly
capacities of gas feeders). At the point of connection, there is a special coil providing the power supply of
electron injectors of accelerating tubes.

Fig.l

ELV-12 accelerator common veiw

1-rectifying module;
2-accelerating module;
3-rectifying columne;
4-feeder,
5-injector control unit;
6-accelerating tube;
7-extraction device

With the gas feeders the rectifying module is connected to the accelerating modules. The accelerating
module is a separate vessel with the accelerating tube and beam current control system inside. The beam
extraction device is connected to the bottom of the vessel. In addition, one accelerating tube can be placed in
the rectifier vessel. The beam current in each accelerating module is controlled independently. The beam is
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controlled through the optic control system. The maximum beam current of a separate module is 200 mA. In
this case, the maximum total current of the accelerator is 400 mA.

The accelerating tube is the same as for all the ELV-type accelerators. As was already tested at the
«Torch» accelerator, such tubes of the INP design and production enable the long term operation with the
electron beam current of up to 0.8 A. The emission of electrons is performed with the thermoemission LaB6

cathode. The beam current is regulated by the cathode temperature at the same value of control voltage. This
provides the stability of an electron beam at the entrance of the extraction device.

Fig.2
Two-window extraction device:

1-ion pumps;
2-beam scanning system;
3-protection water cooling cylinder;
4-foil blow pipes;
5-foil fastening frames;
6-extraction titanium foils.
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In the extraction device of the accelerating module shown in Fig.2, two parallel foils are used for the
beam extraction. An approximate trajectory of the beam along the extraction foils is also given in Fig.2. The
beam is scanned with the bending magnets standard for the ELV-type accelerators. The only difference is
the presence of a reswitching magnet for a fast shift of a beam from one extraction window to another. In the
reswitching magnet, the current is synchronized with the scanning system so that the shift of the beam is
performed at the maximum deviation of a beam in the extraction window (at its ends). At the time of the
shift, the beam power is absorbed by the water cooled protection cylinder, which is also the element of the
construction rigidity. The beam shift control system is completely automated based on PC within the limits
of the accelerator general control program.

Extraction Titanium foils are cooled by the high speed air jets formed by two independent high
pressure fans. The average current density in the foil does not exceed 100 p.A/cm2' which is two times less
than the maximum admissible value of the current density for such rates of jets for foil cooling. This enables
a manifold increase in the foil lifetime. The total power of the beam loss in such a two-widow extraction
device does not exceed 6%.

The high voltage insulation of ELV-12 is SF6-gas as in other accelerators of the ELV-series. The
rectifier module vessel as well as accelerating module vessels are filled with the SF6-gas under the high
pressure. The primary winding of the high voltage rectifier is power supplied from thyristor frequency
converter thus providing high conversion coefficient of the electric energy into the electron beam energy.
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ELECTRON ACCELERATOR AND X-RAY TARQET

Zhao Chang He Li Hong Bing
Chengdu Cable ShuangLiu Heat Shrinkable Product Plant

Chengdu 610225, China

We installed a X-ray conversion target under the electron beam of our 3Mev 30mA ICT electron accelerator
after researching and developing to open up more radiation processing products and increase economic benefits.

Figure I 3Mev.30mA ICT accelerator
Figure 1 shows the principal and appearance of our ICT electron accelerator imported from Fiance.This is a

high power insulation core transformer type electron accelerator.The electron energy range can regulate from 1 to
3Mev.and the beam current form 1 to 30mA.The scan width is 1200mm.lt has the roller conveyor type system
that pass the wire and cable.and the pulling chain conveyor type under the beam.lt can carry out many radiation
processing.including the processing of the heat shrinkable tube.the wire and cable.the thin sheets etc.But the
electron has lower penetration.with respect to many applications such as the sterilization of medical instruments,
the changing qualities of acrylic acid fiber.preservalion of foods.sterilization of cosmetics etc.it is powerless.

We developed the EB/X conversion target.The material object composition is showed in fig 2.The target width
is 120mm.the length is 1250mm.The target consisted of a stainless steel stand that can move by a pulling chain
conveyor system.and we can regulate the height to obtain the optimum absorbing material height.We selected
tungsten as the target material after comparing several materials showed in table I.The Keys of conversion x-ray
target are the selection of target material.the material thickness.and the cooling method.The bremsstrahlung
efficiency reaches a maximum when the tungsten target thickness is equivalent to 35% of the election range in
tungsten.namely the optimum thickness.the maximum forward x-ray intensity.

Finnic 2 X-rav taruet
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Table l.The basic datas of several target materials

-—-________̂  material
character ' —-—_____

Specific gravity

(g • cm"3)
Thermal conductivity

(kcal/m • h"C)
Melting point "C

Photon transmision

%
Readines for maching

Cost

W

19.3

170

3410

7.61

no

low

Ta

16.6

52.8

2850

7.60

good

high

Au

19.3

254

1063

7.57

good

expensive

Though the conversion efficiency of x-ray that obtained at 3Mev electron energy is very low,many radiation

processing that EB is incapable of action because of its shortcoming can carry out at x-ray .and the investment is

very small,but the imcome is great.

We know the electron energy and the target material are the most important parameters in influencing the

conversion efficiency from our works before,another problem is how to cool the target effectively.It's so important

that we have to consider it in detail.

Now,we have many works such as the data of conversion efficiency.the bremsstrahlung yield,the distribution of

dose in the absorbing materials along the longitudinal and the latitudinal direction etc to do.because the tests about

3Mev 30mA 1CT electron accelerator are in progress now.We have to carry out those experiments about the x-ray

target when the accelerator tests come to an end.

But we know the accelerator can be utilized with the electron beams and the x-rays generated from electron

beams with respect to the 3Mev or higher electron energy in any case.In mormal case.when the accelerator runs at

2.8Mev.28mA.the x-ray photons output power is equivalent to 0.2Mci of cobalt-60 source.The salient virtue of the

conversion x-ray target is that most of the x-ray produced are emitted to the forward direction along with the

direction of the incident electrons,and the dose rate is 100 times higher than v -ray sources. When we adopt double

-side irradiation.the utilization efficiency of x-ray is about 50%.then we can carry out many works such as the

preservaiion of vegetables and fruits.sterilization of foods and cosmetics and disposable medical instruments,

irregular heat shrinkable tubes ect.ln one worti,the x-ray processing has boundless prospects.
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Four-Side Irradiation Systems with a Window for Cables and Pipes

N.K.Kuksanov, P.I.Nemytov, V.V.Prudnikov, RASalimov

The Budker Institute of Nuclear Physics, Novosibirsk, Russia

At present, electron-beam technologies are widely applied in the cable industry for the radiation
modification of the polymer-based insulation with the use of the high cost equipment. Therefore, the most
important problem is the improvement of its usage efficiency. One of the ways to improve the EBM
equipment efficiency is the use of a multi-side irradiation.

The four-side irradiation system is the optimal for treating the cable and pipe-like products of the
outer diameter up several tens of millimeters. In the case of the use of the four-side irradiation system, at the
same thickness of the insulation, the required penetration depth of electrons is two times lower than that for
two-side irradiation systems. This leads to a 2-4 times reduction of the electron beam energy required thus
facilitating much the design and thereby reducing the total cost of the electron accelerator. In some firms, in
order to provide a four-side irradiation of products two accelerators are used whose beams are intersected at
an angle of 90°.

At our Institute, two new universal systems of irradiation are developed. The systems enable one to
realize both the standard (one-side) and four-side irradiation at the same installation equipped with one
electron accelerator. The device was preliminary developed for the use of the ELV-type accelerator but it can
also be used with any industrial accelerator of electrons. The under-the-beam positioning of the cable is
performed in such a way that at each turn, the lower and upper surfaces are interchanged and the beams are
intersected at an angle of 90 degrees.

The first of these suggested devices is shown in Fig. 1. Electromagnets 2 are scanning the beam along
the foil similarly to that as in the standard extraction device. At outputs of bending electromagnets 4, all the
electron trajectories have an angle of ±45° with respect to the vertical axis independently of input angles into
the magnet constant field. The magnetic field configuration is determined by the shape of electromagnet
poles. An additional reswitching electromagnet 1, which is synchronized with electromagnetic scanning,
enables the fast pass of the area «a», where it is impossible to form the constant magnetic field of the
configuration required. Because of the presence of the electromagnet 1 the fraction of electrons with angles
different from 45° does not exceed 4%.

Fig. 1 First Version of a 4-Side Irradiation Device

1 - reswitching magnet;
2 - scanning electromagnets;
3 - trajectories of electrons;
4 - bending magnet;
5 - extraction widow;
6 - irradiated product.

By optimizing the shape and dimensions of poles of electromagnets together with the focal length of
the magnetic lens of the ELV-accelerator the edge focusing effect is reduced to its minimum, therefore the
inhomogeneity of the raster width of the electron beam extracted from the extraction device is minimized.
An ultimate value of the extracted beam current is comparable with the values of the standard extraction
devices, which are 70-100 mA/m of titanium foil of a 50 jxm thick and 70 mm width.
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Another system of a 4-side irradiation is based on a two-widow extraction device. Schematic diagram
of the device is shown in Fig.2. As is seen, an electron beam is scanned along two parallel titanium foils of
the extraction device. The beam is reswitched from one widow to another is performed with the
electromagnet. However, in this device, the magnetic system of bending electromagnets, which consists of
two coils and three poles, is located under the extraction device. The magnetic field formed by the system is
of the opposite direction under different widows of the extraction device. Because of this, the irradiated
product is treated from one side when passing the first foil and when passing the second foil it is treated
from its opposite side.

2

1
1 1 yL _ ^

1

1

Fig. 2 Second Version of a 4-Side Irradiation Device

1 - first window;
2 - second window;
3 - beam trace;
4 - magnet winding;
5 - bending magnet;
6 - trajectory of an electron beam passing through the
second window;
7 - trajectory of an electron beam passing through the first
window;
8 - scanning electromagnets;
9 - reswitching magnet

In order to reduce the influence of the twist-effect on the homogeneity of irradiation the scanning
frequency along the foil of the extraction widow was selected to be high (50-90 Hz) thus enabling the
treatment of the product per one pass of the irradiation zone even at a driving speed of 200-400 m/min.

As is seen from Figs. 1 and 2, these extraction devices are slightly different from the standard device
dimensions and they could easily be installed instead of them. When the bending and reswitching
electromagnets are switched off in the first case, and bending electromagnets are switched off in the second
case, the beam extraction system starts its operation in the regime of the standard linear scanning. This
provides the universal character of the devices and enables the treatment of a wider range of products.

The main advantages of the 4-side irradiation systems are the following:
• low cost and simplicity of the design (the cost of the version with one accelerator is much less

than the cost of the version with two accelerators);
• the larger size of the irradiation zone enables the reduction of the dose power thus allowing to

improve the quality of irradiated products;
• a decrease in the ozone yield because of shorter distance between the irradiated product and the

extraction device;
• a substantially lower scattering angle of output electron beams.
The developed systems of 4-side irradiation enable one to improve substantially the quality of the

product without essential changes of the design and the cost of the device for radiation treatment. Such
systems can be used not only with the ELV-type accelerator but also with any industrial electron accelerators
both of the continuous and pulse action. This enables to use them not only with the newly developed devices
but also with the old ones upgraded to improve their quality and efficiency.
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ALLANCE -THE NEW MULTI-MODAL FLEXIBLE IRRADIATION SYSTEM
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Liu Ge
BEIJING INSTITUTE OF NUCLEAR ENGINEERING (BINE)
RR.CHINA

Ruth M. Brinston
MDS NORDION INC.
CANADA

An innovative system named ALLANCE was presented in 2000. It is specifically
developed to address the radiation processing needs of developing countries.
Developing markets for gamma irradiation require systems that can REALLY adapt to
a range of low-to-high dose applications. The ALLANCE system satisfies this
requirement with its three, flexible operational modes that adapt and grow with
changing gamma processing needs, from batch processing to fully automated
irradiation.

ALLANCE is a compact system with the two-meter thick concrete shield, its
external footprint dimensions is: 19(L)X 12(W) X6(H) M3.The installed capacity is
1.5 million curies ( 55.5 PBq).

Inside the irradiation
room, product in carriers
is conveyed along parallel
monorails on each side of
the source rack. Three
modes of operation are
available. In each mode,
product is irradiated on
both sides of the source at
two levels, the upper and
lower shelves of the
carrier, to ensure good

cobalt utilization and radiation dose uniformity. The dose absorbed depends on the
processing mode selected, product density and length of exposure time.

The three modes of operation provide flexibility for different radiation
processing needs. These include:
• Two Inner Pass Batch Mode

Ideal for batch processing of smaller lot quantities of product, Nine product
carriers circulate around the source along the inner monorails and are then
automatically transferred to a product interchange station outside the radiation
shield where products on the two levels are interchanged. While the changing of
the product levels is being performed, another batch is being processed. The
product then re-enters the irradiator for completion of the cycle.

• Two Outer Pass Automatic Mode
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For the irradiation of many food products and other low to medium dose
applications within a narrow dose range, the irradiator can be operated in an
automatic mode which utilizes only the 2 outer monorails. In this mode 16
carriers are in the irradiator at any time. The changing of the product between the
two product levels is performed at the product interchange station outside the
radiation shield.

• Four Pass Automatic Mode
For the sterilization of medical products or other high dose applications, the
continuous irradiation of product source on both the inner and outer monorails
provides the highest cobalt utilization.
In this multi-pass mode,22 carriers are automatically transported past the source,
providing economical processing of large volumes of product in high dose
applications.
Again, the pallets are upper and lower shelves of the carrier at the interchange

station outside the radiation shield.
Each irradiator comes with a total of 45 product carriers. There are two

compartments per carrier.

Carrier Outside Compartment Maximum Pallet
Size(mm) Size(mm) Size(mm) Size(mm)

Length 1077 1020 1000 1000
Width 663 612 600 600
Height 2950 1360 1200 40
* excluding pallet

Specially designed pallets containing untreated products are loaded onto the
lower and upper shelves of the carriers using a forklift. The carriers are then manually
moved to a staging area where they are transported automatically to the radiation
room for their first processing cycle. After completion of the first cycle, the carriers
are moved to the interchange area where the pallets are switched between the upper
and lower shelves. The carriers are then sent through a second cycle to complete the
process. The treated product is removed from the carriers at the unloading station.

Cobalt-60 C-188 sources are held in a vertical framed source rack, The cobalt
sources are protected by a shroud for additional safety. Pool storage is 6.8 meters deep
and utilizes a stainless steel liner. A deionizer is included to meet required safe
conditions for use of cobalt-60.

Steadfast processing, reproducibility, together with programmable logic controls,
monitoring and safety systems are essential components of the ALLANCE Irradiator.
MDS Nordion Inc. design expertise brings to this system high safe and reliable
characteristics. The following systems safeguard personnel, the community, the
environment and products:
• Interlocks for protection of workers
• Shielding that contains radiation
• Earthquake-qualified facilities
• Operational and inspection procedures
• Licensing
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The ALLANCE Irradiation System stems from a winning combination of two
organizations with distinct strengths in irradiation and gamma processing. The system
is developed for manufacture and component sourcing in China, which partners high
quality Canadian design with cost-efficient Chinese assembly.

121



IAEA-SM-365/68 XA0056312

New Progress on Radiation Processing in China

Wang ChuanZhen Pan XiuMiaao Zhao WenYan Hou FuZhen Zhang HeHu

Radiation Processing Professional committee of China Isotope and Radiation Association

Abstract

This Paper expounds the new progress on radiation processing in nineties of twenty century in

China. The exposition is from development of radiation processing technology, progress of the

radiation processing technology facilities, the scale and capability of radiation processing

products which have been industrialized and etc. by the detail materials, tables and drawings.

1. Radiation Processing in China develops rapidly, it has industrialization stage.

Total Of radiation processing industrial scope is 7,000 MRMB. The output value in 1998 is 2,000

MRMB.

2. Processing technology of many kinds of products have been industrialized and gone into markets.

2.1 Irradiated Foods: the hygienic standard of 7 kinds of irradiated Foods and teens of

irradiated foods gone into markets.

2.2 Radiation Sterilization: teens medical products and hundreds of hygienic products have

been treated by irradiation.

2.3 Radiation Chemical: teens of irradiated chemical materials have gone into markets.

3. Progress of Facility technology is rapidly, some new type r irradiators and accelerators have been

operated.

3.1 Industrial y irradiators: 54 has been operated. The capability of Co~60 is

40 MCi. The total of Co-60 in the end of 1998 is 13 MCi.

3.2 Industrial accelerators: 50 has been operated. The total power is 2830 kW.

4. Technological works and team are more than 10,000 people.
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Present Status of Gamma sterilization in Thailand

Naripon Pensiri

In the developed country, More than 50 % of medical product are sterilized by

radiation processing. Radiation processing is better than the other method (

conventional ethylene oxide ,dry heat and untra high temperature .with regard to safety

for both worker and product reliability of disinfecting and simplicity of processing. This

processing is also friendly to the environment because of non-emitters of toxic gases.

After several year of research work on radiation sterilization carried out by

scientist at the OAEP, the result of work draw attention and interest of the private

investor. This company then conducted a feasibility study of medical product

sterilization in 1982. The first private-owned radiation sterilization plant, Gammatron

Co.,Ltd was established in 1984 under the supervision of the OAEP personal in technical

operations and quality of the products. The capital investment of the plant was around

US$ 3.2 million comprising a Co-60 gamma irradiation of 150 KC initial loading capacity,

a dry source storage and loading facility, and a manufacturing complex to produce

disposal medical device and supplies. The company sterilizes its own manufactured

medical products and also renders services to customers. The production of medical

products serves 25 per cent of the domestic demand and the remaining are exported

and its exported to the Middle East countries and Australia. Due to the success of the

company and its expanding markets, the company incorporated the Kendall Ltd., in the

"United Stated and became the Kendall Gammatron Ltd., in early 1988. A 140 KC of Co-

60 source was shortly added to the existing irradiation facility in order to produce similar

product for export to United Stated.
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Radiation sterilization of medical devices with electron beam application was started
in Poland in 1973. It was proceeded with research works and testing of radiation tolerance of
different plastic materials, microbiological studies on sterilization effectiveness, elaboration of
suitable dosirnetric systems for routine dose and dose-depdidetermmationu Both research and
commercial irradiation was madeby linear electron accelerator installed at Institute of Nuclear

;<Xerriistry and Technology (INCT) in 1971 {)]. '• '•
' ;••'•'- The accelerator was designed according to requirements formulated by INCT staff.
Teefsiical and running parameters of the accelerator allow to use it both for research and
radiiSon processing at the semi-technical scale. The nominal electron beam parameters 10 -
13?MeV and 9 kW of average beam power can provide approximate;capacity of 10 million
pieces of sterile product per year and perform regular radiation sterilization service [2].

Modified polypropylene (PP-M) has been formulated at INCT to provide material
suitable for medical application and radiation sterilization process [3]. t h e main component is
porypropylene. Homopolymer PP contains typical antyoxidant and sliding agent which
diminishes sliding force between the piston and the frame (in two element syringes) according
to ISO standard. PP and all other components of PP-M fulfill the requirements of European
Pharmacopea and international regulations. c

Second electron beam facility for radiation sterilization of single use medical devices
was designed and introduced into operation in 1993 [4]. This industrial type facility is located
aflMCT. Vertically installed linear electron accelerator was applied. The nominal average
beam power is 10 kW with electron energy 10 MeV. The microprocessor controlled roller and
belt conveyors system was applied to carry boxes with typical size 58x46x20 cm. 50-100
million pes of sterilized devices per year is estimated capacity of this facility. The program of
capacity upgrading by use more powerful source of microwave energy (up to 15 kW of
•average,'beam power) is being started now. Additional accelerator installation in the same
bui|djngiis also being considered.

' v'" Till today those are the only facilities in Poland where the radiation sterilization is
performed tn a big scale commercial process. For many years the internal procedures were
fine enough • for us as the contractor and for our customers, the manufacturers of medical
devices. The international standards concerning radiation sterilization appeared in mid 90's.
The": content of those standards gives the requirements regarding the validation and routine
control of sterilization using ionizing radiation should be performed.

Polish Committee of Standardization (PCS) has appointed the Standardization
Working Group for Sterilization, Dezinfection and Antiseptic in 1996. The Group has started
to implement European Standards among the others standards concerning radiation
sterilization. It has been decided that Polish translation of European Standards become
natatorial standards. Two standards EN 552 "Sterilization of medical devices; Validation and
rottS-rie control of sterilization by irradiation" and EN 556 "Sterilization of inedical devices:

'Requirement for terminally sterilized devices to be labelled sterile" - were approved as the
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•;' ~s" Polish manufacturers of medical devices become acquainted with^these standards and
they are concerned at the need to provide justification of me dose 25 kGy.This is because of
tbi'cost of verifying 25 kGy as a sterilizing dose according to mefiiods described in ISO
11 $3% The expense incurred with the use of Jarge number :<sf products to confirm the validity

. of sfeiality dose are very high for many of our customers. • =r • '.."'..
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State and Potential Commercial
Irradiation in Tunisia

Abstract

by
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Following the installation of a semi-commercial Cobalt 60 irradiator, the National Center for
Nuclear Sciences and Technologies where this unit is set up, has realized the dose mapping of the
inner cell with air, sawdust (density : 0.2 Kg/m3) and potatoes (density : 0.43 Kg/m3).

Results show that dose rate in air changes from 193,23 Gy/min at 40 cm to 2.167 Gy/min at 260
cm from the axis of the source, while the dose rate in sawdust is 5.7 Gy/min in 2m3 of product
with a dose max/Dose min = 2,05

Irradiation of product such as wine, oranges, tomatoes, shrimp, spices and sterilization of flies
are underway for dose validation for large scale treatment.

Technical standard regulation for the irradiation unit and food products had been promulgated
while single use medical product regulation is underway. Indeed Promulgation of regulations are
key elements in international trade of emerging products in order to avoid non costums barrier.

126



IAEA-SM-365/72
XA0056316

PROMOTION STRATEGY AT MULTIPURPOSE IRRADIATION FACILITY
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Bucharest, Romania

Multipurpose Irradiation Facility "IRASM' is the result of the TC Project
ROM/08/11 between International Atomic Energy Agency and Romanian Government,
started in 1993. IRASM is located near Bucharest - capital and economically most
important city of Romania. Because of its experience in operating large nuclear
facilities (Research Reactor, Cyclotron and Tandem Accelerators, Waste Treatment
Plant, Radioisotopes Production), IFIN-HH received the responsibility to set up the
irradiator.

In 1994,1F1N-HH established Radiation Processing Team (RPT) as the task
force of this project. RPT working strategy considered promotion as an interactive
problem between science, techniques, legislation and market. Such a complexity is the
reason why irradiation technologies penetrate the market very slowly in countries with
low and medium economic level. Additionally specific reasons, both objective and
subjective, are responsible for this state of the art. Practical knowledge on radiation is
confuse and considered unfriendly. It is a lack of proper legislation and of established
control methods. Ignorance and fear, sometimes undeclared, makes promotion of
radiation processing a complex and difficult task. Based on mentioned presumptions,
RPT designed a Frame-Program (FP) - a puzzle of needs, necessary not only for
"establishing a demonstration facility"(ROM/8/011 official objective) but also for
irradiator successful operation. The Frame Program IRASM put together actions and
final objectives.
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Fig.l The Frame-Program IRASM

FP target was to prepare technical, technological and legislative bases for
radiation processing promotion and the promotion itself.

Concrete actions derived from FP counted on dedicated services at the company
(LFLN-HH) level: construction work supervision, safety, quality assurance. It was also
important the profile of 1FLN-HH permitting to agglutinate an R&D team of different
specialists in radiation chemistry, dosimetry and microbiology.
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Specific actions' resources came directly from the Government and from R&D
national program "Orizont 2000".

The main results of this approach are:
- a facility designed and constructed in conformity with strictly followed quality

assurance prescriptions, ofering confidence to Nuclear and Health Regulatory
Bodies

- a Final Safety Report, completed after USA regulations and completely agreed by
Nuclear Regulatory Body
basic knowledge on radiation processing of different kind of products, packaging,
international licensing procedures, alternative sterilization methods, dosimetry
adoption in Romania of most important international standards for radiation
microbiology, GMP rules in drug, medical devices and dry herbs products'
manufacture, ISO standards for dosimetry and packaging will be adopted soon

Because promotion itself is based on: gaining confidence on scientifical bases,
economic advantages for producers and benefit for common people, FP identified and
used the following methods for end-user assistance:

Starting R&D projects in partnership with possible end-users.
These projects are parts of newborn national R&D program "RELANSIN", producers
oriented. RELANSIN is organized as it is European Union Program FP 5. Two projects
are approved (peat sterilization for agricultural needs) and another four are in stand-by
(microbial control of dry herbs, vegetables, pollen and again peat).

Spreading information
4 information booklets of general and specific interest were published and spread.
Reference papers were sent to Health Regulatory and Control Bodies concerning other
countries1 experience in validation / utilization of radiation technologies.

- Public meetings
Starting from 1997 RPT constantly organized or participated at national seminars and
contacted end-users. To mention a few:
1997 - "Irradiation Technologies and 1RASM facility" was an workshop legislators' and
end-users' oriented, organized by IFIN-HH and National Atomic Energy Agency
(NAEA) - 12 invited papers, a moving picture recorded at similar facilities in Hungary
and Turkey, a round table focused on legislation.
1998 and 1999 - Papers presenting 1RASM and its activities at national seminars
"NUCINFO 98" and "NUCINFO 99" organized by NAEA, press conferences.
2000 - "Basic and Practical Knowledge on Radiation Sterilization and Microbiological
Validation" - The seminar organized by 1F1N-HH was held by Prof. L. Gazso, IAEA
expert in radiation microbiology. It was Health Regulatory Bodies' and end-users'
oriented.

- A mini-library is organized and can be consulted free of charge by everybody
The LFLN-HH internet page contains information about 1RASM
Lobby at Governmental level

By Romanian Government Decision No. 400/1997, IRASM was nominated as Facility
of National Importance. It means a state financial support by partially covering the
operation cost and postponing the repay of investment until the facility will reach
sufficient demands for economic independence.
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Takasaki Radiation Chemistry Research Establishment, Japan Atomic Energy Re-
search Institute (JAERI), Takasaki, Gunma, Japan

Graft polymerization can introduce aiming functional groups into conven-
tional polymers such as polypropylene and polyethylene. Especially, the radiation
induced-graft polymenzation (RIGP) is applicable to the variety shapes of the poly-
mers such as membrane, hollow fiber, woven materials, nonwoven materials, and
particles. A separator membrane in a button-shaped battery is a successful applica-
tion of RIGP technique. This membrane has been synthesized by grafting acrylic
acid onto a polyethylene membrane, 0.25 mm thick. In the experimental process for
RIGP, first, a trunk polymer is irradiated with electron beam in nitrogen-gas atmo-
sphere to create the active sites for initiating the graft polymerization. Then, the
irradiated trunk polymer is transferred into graft monomer solution. In this stage, the
graft polymer propagates from the active sites in the trunk polymer. As a result, the
functional groups are directly introduced by using functional monomer. Otherwise,
consequent chemical reaction can modify the graft polymer.

Amidoxime is a well-known functional group which shows a high activity
and selectivity to the heavy metal ions such as Hg, Pb, Zn, and Cd. We have synthe-
sized the fibrous amidoxime adsorbents from nonwoven materials in the following
3 steps as shown in Fig. 1[1].

1) Irradiation of the nonwoven materials with electron-beam.
2) Grafting of acrylonitrile (CH2=CHCN,. named AN).
3) Conversion of cyano groups in poly-AN to amidoxime groups.

In the first step, irradiation of 50-200 kGy is necessary for making the enough radi-
cal amount for initiating of graft polymerization in the nonvvoven materials made of
polyethylene. One or two hours of the grafting in the second step causes the graft
yield of 100~150 %. In the chemical reaction of the third step, hydoxylamine
(NH2OH) changes CN groups into amidoxime group at the yield of 70 ~ 80 %. The
grafting yield of 100 % corresponds to 7~8 mmol-amidoxime/g-dry-adsorbent.

The high rate of adsorption needs the effective diffusion of adsorbate into
the fiber inside of the nonwoven materials. The amidoxime adsorbent was modified
chemically and physically from the viewpoint of accelerating the diffusion of adsor-
bate. In the chemical modification, the grafting was carried out by the mixture of the

Radiation induced graft Modification of
polymerization functional group

Nonwoven
materials

CH2~Cri2)7~
Polyethylene

Acrylonitrile
(CttteCHCN)

•r
Electron beam

Grafted
polymer

~1 |» f Metal 1
J "*" \̂  adsorbents ,

Hydroxylamine
(NH2OH)

-tC- Cl- ••^-(C-Cfc-
HC-Ct HC-C)r

CN C=NOH
1
NH2

FIG. 1. Fabrication process of adsorbents with radiation-induced graft-
polymerization.
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aiming functional monomer and the acid monomer. The addition of the hydrophilic
monomer like acrylic and methacrylic acid increased the hydrophilicity of the
adsorbents. Consequently, this co-grafting made adsorption rate three times. These
two monomers were grafted on the various nonwove.n material of the different di-
ameter as a physical modification. The adsorption rate was enhanced with the de-
crease of the fiber diameter.

The amidoxime adsorbent was evaluated by the metal recovery from sea-
water, since seawater contains 77 metal elements. The amidoxime adsorbent of 10 g
was packed into the column. The adsorbed metal was eluted by using different con-
centration of hydrochloric acid after the seawater flew with 3 I /min for 7 days.
The alkaline and alkaline-earth metals were eluted with the concentration less than
0.01M. The heavy ion eluted at the concentration of 0.05M. Then, Fe, Cu, U were
eluted at the concentration higher than 0.1M. The selectivity of the metal was ex-
pressed by the value of which concentration in the adsorbent divided by that in the
seawater. It was found that the amidoxime adsorbent has the high affinity against
Cu, Pb, Zn, Mn, Co, Fe, Ni, and U in the order of the selectivity.

On the point of view of the fractional elution with hydrochloric acid, U is
easy to isolate from other elements. In this reason, we proceed to the recovery of
uranium from seawater. In the case of uranium, the concentration is 3.3 ppb only in
the seawater though its total amount reaches 4xl0n kg. This amount is equivalent to
the 1000 times of the mine uranium. The adsorbent was preliminary evaluated by
immersing into the real sea. The uranium concentration attained to 0.7 g/kg-dry-
adsorbent. In 1999 we scaled up the experiment up to Ikg-uranium recovery to
clarify facing problems in the practical system and set up the experimental equip-
ment at the offing of Tsugaru straits in Japan. In this experiment, the adsorbent
cassettes of 120 kg were put into an adsorption bed (mesh-container: 4 m in diam-
eter and 15 cm in inner height). Those adsorption-beds were immersed into the sea
20 m deep from the surface and were suspended from a square floating with one side
8 m long as shown in Fig. 2. In the first experiment in 1999, we obtained 24 g
uranium from 60 kg cassettes immersed for 20 days. The distribution of the uranium
in the adsorbents was considered to be
even in the each adsorbent sheet and cushion T J ^
layer in the cassette. We continue this b u o y ^ f e * ^ ^
experiment till 2001 and will discuss
the possibility of this system in the prac-
tical application.

The amidoxime adsorbent has
so high performance in the recover}' of
the heavy metals that we will apply this
adsorbent for heavy metal ion recov-
ery from waste water in the near future.

^ y
fish preserve

shaped floating

marker lamp
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DETERMINATION OF SURFACE GRAFTED STRUCTURE OF ACRYLIC
ACID ONTO RUBBER-BASED THERMOPLASTIC ELASTOMER

Preirradiated graft of acrylic acid (AAc) onto rubber-based thermoplastic elastomer
(TE) (Methyi methacrylate grafted natural rubber latex was carried out. Effect of
concentration of acrylic acid and of absorbed dose on grafting percentage was investigated
in detail. It was demonstrated that there was a difference of SEM (Scanning Electron
Microscopy) photographs taken before(a) and after (b) grafting acrylic acid onto TE surface.
AAc grafted TE surface was more smooth and homogeneous than the reference TE
surface.

The XPS technique could be used effectively for a determination of structure of outer
grafted layer. The XPS (X-Ray Photo-electron Spectroscopy) spectrum of TE film (1) was
distinct in C=O assigned peak intensity from that of AAc grafted TE film (2).
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Besides, other technique which was very important for an analysis of the
predominantly rough structure of an AAc monomer grafted onto a TE substrate was solid
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state 13C-NMR one. The (3C-NMR (Nuclear Magnetic Resonance) spectrum of ground TE
powder (I) was completely different from that of ground AAc grafted TE powder (II).

(II)
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EFFECT OF STRUCTURE AND GLASS TRANSITION TEMPERATURE (Tg)
OF MONOMERS ON THE PERFORMANCE OF RADIATION CURED FILM

Mubarak A. Khan1 and K.M. Idriss Ali

Radiation and Polymer Chemistry Laboratory, Institute of Nuclear Science and
Technology, Bangladesh Atomic Energy Commission, P.O. Box. 3787, Dhaka 1000,
Bangladesh. Corresponding author, email address: makhan@bangla.net.

The UV curing technology has found wide spread application, particularly for surface
protection of different types of materials by fast drying, clear coatings, lacquers or
printings inks as well as instantly hardening composites and adhesive [1], Polymers of
different properties and characteristics are required to match up the desired application.
So formulations of different compositions are necessary to induce the desired properties
to the polymers formed. This is why the state of the art is very important to prepare the
desired polymer products. As the formulations are composed of different reactive diluents
(monomer) and additives, the polymers formed therefrom are bound to possess the
influence of the characteristic and textural properties of these ingredients. Thus, the
physical and textural properties of these polymers are directly related to the functionality
and glass transition temperature (Tg) of the reactive diluents used in the formulation. It is
the purpose of this paper to study the role of functionality and glass transition
temperature (Tg) on physical and mechanical properties of EB and UV-cured films of
different multifunctional acrylate with urethane acrylate.
Thin polymer films were prepared on glass plate under radiation with formulated solution
composed of urethane diacrylate oligomer and a number of reactive diluent monomers
containing different functionalities and Tg (Table!) (oligomer : monomer : photoinitiator
= 50 : 48 : 2, w/w). The radiation source was either electron beam (EB) accelerator or
ultraviolet (UV) lamp. The films were characterized to determine surface hardness,
tensile strength (TS) elongation at break (Eb) and shape recovery temperature. All these
properties were correlated to the structure, Tg of homopolymers and copolymers with
oligomer. Tg values of monomers were obtained from the literature [2], but the Tg of
copolymers formed with oligomer and monomer were calculated on the basis of Fox's
equation [3].
The highest values of pendulum hardness (PH%), tensile strength (TS) and elongation at
break (Eb%) of UV cured films were plotted versus functionality (Fig. 1) and Tg (Fig. 2)
of monomers. The values of PH-max generally increase with increase of Tg values of
monomer (Fig.2). It is observed that the TS values increase with increase of Tg values
and the highest TS value is obtained with NVP film (Fig.2). Eb% values decrease with
increase of Tg values. The highest Eb% is produced by CHA film. Monofunctional
monomers are generally believed to impart enhanced elongation with reduced tensile
properties to the UV cured films [4]. However some monofunctional monomers exhibit
higher elongation with moderate tensile property and other show moderate elongation
with very low tensile strength. Nevertheless, there are some monofunctional monomers
like NVP, which has the ability, in some cases, to enhance bdth elongation and tensile
properties. [5-7], Monofunctional monomers decrease the crosslinking density compared
to increased crosslinking density with multifunctional monomer in the cured films.
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Fig. 1 Properties of UV cured films against monomers
In the latter case, cured films are normally brittle while soft and elastic films are
produced with the monofunctional materials. So it is clearly demonstrated that the film
hardness is directly related to the Tg of diluents and not alone to the functional groups.
The Tg of the homopolymers of the reactive monomers represented has direct relation
with tensile properties of the polymers formed. Physical characters of the reactive
monomers are thus related to their structure and Tg values. Similarly, Tg values of the
polymers (copolymer) formed with oligomer and monomers are also related to the
tensile properties (TS and Eb) of the polymers. Shape recovery temperatures of the films
show clear relation between structure and Tg of monomers as well as the copolymers.
When the above polymers are prepared under EB radiation, the tensile properties (TS and
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Fig. 2 Properties of UV cured films versus Tg of monomers
Eb) of the polymers are much lower than those of the polymer made by UV radiation.
The trend and shape of the curves are similar in both EB and UV system. This indicates
that the UV system has advantage over the EB system; moreover, UV system is much
cheaper, convenient and trouble free than the EB process.
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RADIATION IMPROVEMENT OF THE MELT FLOW PROPERTY OF
POLYPROPYLENE IN THE PRESENCE OF BIFUNCTIONAL MONOMERS
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The linear polypropylene (PP) exhibits low melt strength and weak strain hardening

behavior, which makes it difficult to heat forming and then limits its application. One of the

effective approaches to improve the melt flow property is adding long chain branches onto the

backbone of PP by grafting modification. Radiation technique is an important method for grafting

modification of polymer materials. Some researchers such as Yoshii (1' and Sugimoto l2! have

gotten high-melt strength PP by electron beam irradiation. In this work, the improvement of the

melt strength of PP (NPP1 and NPP2) was investigated by y-ray radiation of low dose in the

presence of bifunctional monomers such as 1,6-hexanediol diacrylate (HDDA) or Neopentylglycol

dimethacrylate (NPGDMA). Generally, melt strength decreased with increasing of melt flow

index (MI), in this study, MI was used directly to express the change of melt strength. In order to

control crosslinking degree of PP, the change of gel fraction of PP is also determined.

Changes of MI of PP modified by various bifunctional monomers with dose were shown in

Fig.l. MI of PP decreased with increasing of dose slightly due to forming branch structure in PP

backbone. It also can be found that both HDDA and NPGDMA were effective in decreasing MI of

PP, but the gel fraction of PP modified by NPGDMA was also bigger that of PP modified by

HDDA (Tab.l), which is harmful to processing of PP.

20

Dose (kGy)
FIG. 1. Changes of Ml of PP modified by various bifunctional monomers with dose

dose-rate: 77Gy/min. in N,, heat treatment 120 °C. 2h. A: NPP2+O.3% HDDA
B: NPP2+O.3% NPGDMA C: NPP1-K).3% HDDA D: NPP1+O 3%NPGDMA

TAB.l. Changes of gel fraction of PP modified by various bifunctional monomers with dose

Dose (kGy)

0
0.154
0.308
0.539
0.770
1.001

Gel fraction (%)
NPPl+0.3%HDDA

0
1.6
1.6
2.2
3.0
2 1

NPPl+0.3%NPGDMA
0
1.3
2.2
2.9
3.9
4.1

NPP2+0.3%HDDA
0

0.2
0.6
1.1
1.1
0.6

NPP2+0.3%NPGD
0

2.5
3.0
3.3
2.4
1.3

139



Effect of the concentration of HDDA on Ml of PP was shown in Fig.2. The results

manifested that MI of PP decreased with increasing of the content of HDDA, but there was a same

problem, the gel fraction of PP also increased quickly with the content of HDDA (Tab.2). When

the content of HDDA was more than 0.5%, the gel fraction of PP modified at 0.5kGy and above

was larger than 5% so as that MI couldn't be determined (short dot of curve C in Fig.2).

0.0 0.8 1.0

Dose (kGy)
FIG.2 Effect of concentration of HDOA on Ml of PP modified at various dose.

dose-rate: 77Gy/min, in NL, Heat treatment: 120°C.2h A: NPP1+0.1%HDDA,
B: NPP1+0.3%HDDA, C: NPP1+O.5%HDDA

TAB.2. Effect of concentration of HDDA on gel fraction of PP modified at various dose
Dose (kGy)

0
0.154
0.308
0.539
0.77
1.001

Gel fraction (%)
NPP!+0.1%HDDA

0
0.2
0.5
0.5
0.5
0.5

NPPl+0.3%HDDA
0
1.6
1.6
2.2
3.0
2.1

NPPl+0.5%HDDA
0

3.2
5.4
6.6
7.9
8.9

According to the above experimental results, Incorporation of 0.3% or so bifunctional

monomers into PP by y-ray radiation at about lkGy could decrease effectively MI of PP, i.e.

enhanced melt strength of PP due to forming branch structure in PP backbone.
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ABSTRACT

Conductive polymer composites were prepared by melting-mixing of

Linear Low Density Polyethylene (LLDPE) and crosslinked by Y -ray.

The radiation dose and the composite morphology were shown to have

remarkable effects on the positive temperature coefficient (PTC) and

negative temperature coefficient (NTC) effects of the composites. The

relationship between the morphology and the PTC and NTC effects of the

composites was investigated using scanning electron microscopy (SEM).

The SEM micrographs indicated that the dimension of the carbon black

channels decrease after Y —ray radiation, resulting in higher room

temperature resistivities. A mechanism for the PTC and NTC effects in

this system is proposed. The magnitude of the NTC effect at temperature

substantially above melting point is found to decrease when the radiation

doses are less than 400 KGy and no NTC effect was observed at 400 KGy.

However, when the radiation doses were more than 400 KGy, the NTC

effect appeared again.
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Abstract:

Melt blends of radiation cross linked polymer—Poly( e -caprolacton) and

radiation degradative polymer—poly(dl) Lactic acid had been prepared in

order to investigate whether the radiation crosslinked reaction of PDLLA

can occur. From the change of thermal property and mechanical property

and morphology, we can confirm that although radiation degradation

reaction of PDLLA is the main reaction, but at appropriate dose range

and temperature, lightly radiation crosslinked reaction of PDLLA maybe

occured in some special mixing composition sample.
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A diacrylate monomer containing phosphorus and other type phosphite active

monomer were synthesized and used for EB radiation curing studies in air (Huang

et al., 1998; Xiao et al., 2000). Recently, a new type Michael product was

synthesized, and its synthesis path was represented as follows:
O O
II 601C II

R-O-C-CH=CH2 + N(C2H5)2 • R-O- C-CH-CH3

N(C2H5)2

O -CH2 O
II I II

R=OH-C3H6-, CH2=CH-C-O-C3H6-, C2H5-C-CH2-O-C-CH=CH2

CH2-O-C-CH=CH2
II
O

The trialkyamine compound formulae have been studied and used for EB

radiation curing in air one of these formulae and The effect of absorbed dose on

curing exelent are listed in Table 1.

Table 1 the lrialkyamine compound formula and the effect of dose in curing

EA/%
50

TMPTA/%
44

Michael/%
6

Dose(KGY)
10
20
30
40
50
60
70

Gel fraction
0.38
0.40
0.48
0.64
0.78
0.87
0.88

*Supported by the Visiting Scholar Foundation of Key Lab. in University
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The resisting oxygen inhibition effect of Michael product in EB curing has

been studied. The effect of Michael product concentration is listed in Table 2.

Table 2 the effect of Michael product concentration on EB curing

experiment No EA/% TMPTA/% Michael/% DosefKGYl Gel fraction

No.8
No.9

No.10

No. 11

No. 12

50
50

50

50

50

50
48

46

44

42

0

2

4

6

60

60

60

60

60

0.72

0.78

0.84

0.87

0.87

Fig. 1 shows that gel fraction

increased when concentration of

Michael rose. Gel fraction reached

the maximum at 6%. The
c

trialkyamine compound formulae •-

have been carried out in our tfc

Laboratory and used for EB curing a

in air. In addition, the resisting

oxygen inhibition mechanism has

been sludied. The experiment

results showed that this compound

has the excellent resisting oxygen

inhibition effects in EB curing.

0 2 4 6 8

percent concentration of Michael(%)

Fig. 1 the effect of Michael concentration

on EB curing
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Grafting reactivity of preirradiated polypropylene (PP) film was investigated by grafting of

acrylic acid (AAc) and acrylamide (AAm) repeatedly and alternately. For inhibiting

homopolymerization and enhancing grafting reaction, ferrous sulfate (FeSO4), methanol (CH3OH)

were added. The effects of ferrous sulfate and methanol content on the degree of grafting of AAm

were determined, respectively. The effects of reaction time and repeatedly reaction times on the

degree of grafting were investigated. The trapped radicals and peroxides on the preirradiated and

reacted PP fiims were determined by using Electron Spine Resonance (ESR) and l,l-diphenyl-2-

picryl hydrazyl (DPPH), respectively. Thermo-sinsitive property of AAc/AAm grafted PP films

were determined by evaluating the ratio of water content of the sample at different temperature

conditions alternately. The results were obtained as follows:

1. It is possible to perform the grafting reaction several times repeat even for 8 times, as shown

in figure 1. The degree of grafting of AAm and AAc increased with reaction time and turns to

terminate after 10 hours reaction or 7 times repeat reaction. In the case of AAc grafting, the

grafting yield of AAc increased both with reaction time and repeat time, as shown in figure 2.

The repeat reaction gives relatively lower grafting yield compared with that of continues

reaction.

2. There was serious homopolymer without inhibitor, however, only little amount of FeSCX, (—1.0

X 10'3M) in grafting solution could well stop the homopolymerization and gave higher

grafting yield, as shown in figure 3. In this experiment, methanol was also useful as an inhibit,

as shown in figure 4, About 120% of grafting yield of AAm was obtained by using around

0.4M of methanol in grafting solution.

3. The ESR spectra in showed that the radiation-induced free radicals are still alive after the first

grafting even second grafting reaction.

145



6 8 10

Recation time (H)

Fig.l. Effect of repeat grafting reaction times

on the degree of grafting (Reaction was

performed in 20% AAm with 1 X 1CT3M

FeSO4and 20% AAc with 2.5 X 10"3M

FeSO4/0.2M H2SO4; Each time for AAm was 2

hours and for AAc was; Reaction temperature:
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Fig.2. Comparison of continuous grafting and

repeat grafting (Grafting reaction was

performed in AAc with 2.5 X 10"3M

FeSO4/0.2M H2SO4 at 70°C; Repeat grafting

was performed with braking every one hour)
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Fig.3. Effect of ferrous sulfate on the degree of

grafting (grafting reaction was performed in

20% AAm at 70°C for 4h; PP was irradiated by

EB for 40kGy)

Fig.4. Effect of methanol on the degree of

grafting (grafting reaction was performed in

20% AAm at 70°C for 5h; PP was irradiated by

EB for 40kGy)
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ABSTRACT

In the paper, we find the "radiation crosslinking method' exhibits a different modified ways to

develop the morphologies and provides a new approach to design the morphologies of polymer

blend system, such as nylon 1010/HIPS. With this method, the contineous phase nylon 1010 will be

crosslinked first, and then dispersed phase HIPS.

While the radiation dose increases, the elastic modulus increased linearly as predicted by the

elastic theory. However, the other mechanical properties increased to a maximum, then reduced

sharply with the increasing dose. Because the morphology determined the physical behavior, the

optimal mechanical properties should be corresponding with the optimal morphologies at the dose

of0.34MGy.

At that time SEM photographs helped us to observe the better morphologies of dispersed phases.

There also are some improvements in the interface adhesion and mechanical properties, resulting

from the chemical reaction between the macroradicals of nylonlOlO and HIPS. At the dose of 0.34

MGy, the optimal sizes and distribution of rubber phases were reached , which determined the

better mechanical and physical behaviors. At this time there were many concave remnants left in

the holes after removing the dispersed HIPS particles in the SEM photographs, which enhanced

the interfacial tension. The well networks in nylonlOlO and the optimum morphology of rubber

phases can lead to the better phases and affect each other. So the radiation crosslinking method

can control the morphologies of the polymer blend efficiently.

Thermal properties of polymer blend were observed by DSC curves. The crystallization

temperature decreases with the increasing dose because the crosslinking reaction inhibited the

crystallization procession and destroyed the crystals. The melting temperature also reduced with

the increasing radiation dose. The dual melting peak gradually shift to single peak and the high

melting peak disappear at the high radiation dose. However, the radiation-induced crystallization

was observed by the heat of fusion increasing at the low radiation dose. On the other hand, the

crystal will be damaged by the radiation. The similar conclusion may be drawn by the DSC traces

when the polymer blend were crystallized. When the radiation dose increase, the heat of fusion

reduces dramatically and so does the heat of crystallization.
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The microstructure of a microemulsion depends on the composition of the system, e.g.,
water-in-oil (w/o) droplets at lower water content, oil-in-water (o/w) droplets at higher
water content, and a bicontinuous structure at intermediate water content. A conductivity
measurement has been commonly used in identifying the microstructural type of an
microemulsion.

The interest in polymerization of monomer-containing bicontinuous microemulsion to
prepare microporous polymeric materials has been relatively fewer. The polymeric
materials so formed may find potential applications in the separation technology . Further,
this technique could have significant technological importance because it utilizes the
microstructure existing in bicontinuous microemulsions to form the membranes in a one-
step organic solvent-free process starting from monomer(s).

In order to alleviate the occurrence of phase separation during the course of
polymerization, fast polymerization rate and low polymerization temperature are required
though they are not very critical. Both conditions can be fulfilled by using a suitable
initiation mechanism such as r-ray initiation.

In our work, porous polymeric materials were successfully prepared by radiation
polymerization of microemulsion of butyl acrylate (BA). The mixture of
octylphenoxypoly(ethoxyethanol) (OP-10) and OP-4 was used as nonionic emulsifier. A
small amount of KC1 was introduced to the aqueous phase in order to carry out the
conductivity measurement in our nonionic microemulsion system (Figure 1). It is found
that the type of microemulsions is bicontinuous when the ratio of water to BA is 0.5-5.
The emulsifier content of all samples in Figure 1 was nearly the same value of 20%.

When the crosslinker (Pentaerythritol tetramethacrylate (TMPTA)) was added to the
microemulsion the change in morphology of polymer was remarkable (Figure 2). With
the increase of crosslinker content from 0 to 6wt% based on the weight of BA, the pore
size decreased while the number of pore increased. In addition, the distribution of pore
size seemed to be narrower, for instance, about 0.1-1 um in Figure 2(c).

These results may be attributed to the alleviation of the occurrence of phase separation
during the polymerization of crosslinker-containing microemulsion. It has been reported
that the bicontinuous structure was difficult to be preserved during polymerization '''. In
our work the crosslinker was added to help shorten the gelation time and minimize the
rearrangement of the microstructures of microemulsion during polymerization. Also,
addition of crosslinker helps increase the mechanical strength of the polymeric materials.

' To whom all correspondence should be addressed.(E_mail: xlxu@ustc.edu.cn)
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Polymerization of bicontinuous microemulsions will lead to formation of open-cell structure. The
pores or voids in the polymer are believed to be the water-filled spaces between the incompletely
coalesced aggregates. The SEM microphotoejt also shows that the open-cell pores emerged. More
detailed discussion will be presented in the next work.

Reference
1. E. W. Davis, R. Mukkamala, H. M. Cheung, Langmuir, 14, 762 (1998)
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Figure 1 The results of conductivity measurement
Figure 2 (a)

Figure 2 (b) Figure 2 (c)

F i g u r e 2 The SEM micrographs of the polymer samples obtained by polymerizing
microemulsions containing crosslinker TMPTA contents (wt%) of (a) 0; (b) 4.0 and (c) 6.0
based on the weight of BA.The ratio of water to BA was fixed at 1.2.
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A novel route to prepare cadmium sulfide nano-rods
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The synthesis of various low dimensional structures such as nano-wires, nano-rods and

nano-tubes, has attracted much attention since the discovery of carbon nano-tubes[l]. Now, many

methods have been used to prepare low-dimensional nano-materials. In all of these methods,

templates are necessary.

Although the template method can provide a very good route for preparing low-dimensional

metals or compounds nano-particles, it is not very convenient to obtain these templates. So much

attention is being paid to finding out a simple synthetic template. In this paper, we describe a

novel and easy-to-manipulate template - synthesized method for the preparation of CdS nano-rods.

Analytically pure thioacetamide(CH3CSNH2), 3CdSO4 • 8H,O and isopropyl alcohol (a

radical scavenger which can scavenge the oxidative radicals such as • OH to maintain the

reductive atmosphere of the system.) were dissolved in appropriate proportions into distilled water.

A great amount of carbamide, which had been recrystalized twice, was added into the solutions at

relatively high temperature(60°C). After the system were rapidly cooled to room temperature at

the rate of 1 °C/min, a spiny crystal appeared and was filtered under low pressure. Then, the

crystals were irradiated in the field of a 2.22xlO15 Bq ^Co y-ray source with a radiation dose of

15000Gy. Finally, the spiny crystal was dissolved into distilled water, and the bright yellow

precipitate was collected, washed several times with distilled water to clear away impurities, then

dried in vacuum at 50°Cfor 3h.

X-Ray powder diffraction (XRD) was taken on a Japan Rigaku D/max yA X-ray

diffractometer equipped with a graphite monochromatized Cu-Ka radiation (A.=0.154178nm),

employing a scanning rate of 0.02°s"' in the 28 range from 10° to 70°. Transmission electron

microscopy (TEM) images were taken with a Hitachi Model H-800 transmission electron

microscope, using an accelerating voltage of 200kv.

The XRD pattern of the product is given in Fig.l. It confirms the formation of CdS in the

spiny carbamide crystals at room temperature under y- irradiation. From Fig.l, all diffraction

peaks can be clearly seen and indexed as the hexagonal cadmium sulfide phase.

TEM images of the product is shown in Fig.2, from which the morphology of CdS crystal

can be viewed and the average size of CdS particles can be measured. Seen from the Fig.2(a), the

CdS powders consisted of uniform nano-rods with mean diameter about 40nm, and length up to

about lOOnm. Fig.2(b) shows a "flower" being in full bloom, which was formed by spiny CdS

nano-rods ordered rank. The mean length of the "flower petals" was about 150nm and the biggest

breadth was about 40nm. Fig.2(c) is the electron diffraction pattern of the sample, which indicates

that CdS nano-crystal is oriented growth. Through calculation, the wurtzite structure of the

product was further proved.

To whom correspondence should be addressed.

E - mail: xwge@ ustc. edu. en
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A possible process for forming cadmium sulfide nano-rods in carbamide matrix under y-
irradiation will be carefully reported elsewhere.

In summary, we first employed carbamide as the synthetic template to have successfully
fabricated cadmium sulfide nano-rods under y-irradiation. It is found that carbamide plays an
important role in controlling the morphology of CdS nano-crystals. In addition, this method can
also be used to synthesize ordered nano-structures of other compounds or metals. For example, we
have also successfully prepared Silver nano-ribbons under the same condition through changing
the reactants.

References:

1. S. Lijima, Nature, 1991, 54, 354-355.
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Figure 1. XRD pattern of cadmium sulfide powders.

Fig.2. TEM images of the sample, (a) 40x1 OOnm; (b) 40x150nm. (c) the ED pattern of CdS nano-
rods.
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Analysis of Morphology of PP/SBS Blends Irradiated by y-rays
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In general, mixing devices can be optimized to induce a desired morphology of PP/SBS in
pelletized form, however subsequent processing, via injection molding of the pelletized blend could
destroy this morphology completely as a consequences of different stress. It is shown that irradiation
before follow processing could be used to fixate the morphology in polymer blends. For the
subsequent processing step, it would be helpful to have a lower viscosity of the PP matrix. This
contradiction can be solved by irradiating the blend before the subseqent1'2. It is well known that the
main reaction in PP as a result of irradiation is chain scission, whereas SBS will crosslink.

The PP used is produced by Lanzhou petrochemical Co.. The SBS is supported by Yueyang
general petrochemical works synthetic rubber plant. The PP/SBS blends were melted blended in
propertion in propertion to the weight ratio, 100/0, 95/5, 90/10, 85/15, 80/20. The blends were
prepared by single stredder at a temperature 200°C. The blends were irradiated with a dose of 50 Kgy
by Co-60 (60000Ci). Irradiation was performed at ambient temperature in air. Rhelogical
characterization was performed with dynamical mechanical analysis (DMA) using with capillary at a
temperature of 220°C, Scanning electron microscopy (SEM) was used to characterize the morphology
of the blend.

The viscosity of PP/SBS irradiatied is lower than the viscosity of unirradiated PP/SBS, which
implies that the irradiated blends are easily processible via injection molding, because irradiation of
PP/SBS will result in chain scission of the PP matrix, achieving a lower viscosity.

Fig. 1 The vicosoity of PP/SBS 90/10 and irradiatied PP/SBS 90/10
B:Unirradiated ,C:Irradialed By 20 KOy ,E: Irradiated By 50 KGy
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Fig.l shows the morphology of the PP/SBS blend before DMA testing, and Fig.2 and Fig.3 show
the morphologies of the unirradiated and irradiated blends, respectively, after DMA testing. The
morphology of the PP/SBS (irradiated after dynamic mechanical analysis) was nearly not changed,
because the morphology may be preserved as a result of radiation crosslinking in the dispersed phase
SBS. This morphology can be controlled by crosslinking SBS phase and the morphology is fixated.
But morphology of the PP/SBS (unirradiated after dynamic mechanical analysis) is changed because
SBS phase is not fixated.

Fig.2 Morphology of the PP/SBS 90/10
(unirradiated before dynamic mechanical analysis)

Fig.3 Morphology of the PP/SBS 90/10
(unirradiated after dynamic mechanical analysis)

Fig.4 Morphology of the PP/SBS 90/10 (irradiated after dynamic mechanical analysis)

REFERENCE
1. Morand Lamble and Manus Seadan, Polymer Engineering and Science, 32 (1992) 1687-1695.
2. Gisbergen, J. G. M, Van, Hoeben, W. F. L. M., Meijer, H. E. H., Polymer Engineering and
Science, 31 (1991) 1539-1546.
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Dynamic Flame Research on Cross-linked HDPE/EPDM/SiHcon Elastomer/Flame Retardant for
Insulation by y-rays
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Department of Applied Chemistry, University of Science and Technology of China
Heifei, 230026, P. R. China

Wang Zhenzhou,
State Key lab of Fire Science, University of Science and Technology of China
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Radiation-cross-linking improves a number of essential properties of polymers, such as heat
resistance, mechanical strength, flame retardanct, so the high-temperature-resistance of polyethylene
(PE) was increased by irradiation. In this paper, the commercial products of High-density-
polyethylene (HDPE), cross-linking promoters, flame-retardants, antioxidants, Si rubber and
Ethylene-propylene-Diene terpolymer (EPDM) were used as cable insulation. After irradiation, the
thermal-endurance of the insulation can get above 135°C and high flame retardancy was reinforced,
oxygen index can get above 32 by cross-linking. The compositions containing FR are found to be
resistant toward heat aging, and they indicate good Dieletric characteristics, the values of these
parameter were with corresponding range indicated by the technical specification for cable sulation1.

The dynamic flammability properties of this composite were discussed by calorimeter. The data
of RHR, EHC, SEC, CO and CO2 concentration was accessed2. With regard to average CO
concentration, Silicon elastomer gives a significant reduction in CO concentration. This observation
clearly indicates that Silicon elastomer act as a CO suppressant in FR-HDPE samples irradiated by
150 KGy. The results indicted that the adding of flame retardant can not only induce the flame
retardancy property but also improved the thermal endurance of HDPE, the adding of silicon
elastomer have some contributions to the thermal endurance and synergistically flame retardncy
properties of the inslutations of HDPE.

The matrix resin and fillers were first premixed in a high -speed mixer in a hakke buch chemical,
ltdler (sytem 40) for 15 min at 1600. Specimens for traditional test (OI) and slabs (100*100 mm2,
3mm thick) for burning in corn calorimetry were prepared by hot pressing at 80 kgcm"2, 160°C, and
drawn out to cool under room temperature. And the sample was irradiated to a dose of lOOKGy, 150
KGy, 200KGy by 100 Gy/min.

Fig. I CO concentration Vs. time
C:FR-HDPE D:Crosslinked FR-HDPE E; FR-HDPE blends F: FR-HDPE blends* * Irradiated by
150 KGy
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The relationship of the combustion appearance, the structure of combustion the residue carbon
and the combustion ability of polymer is very important. The surfaces of char are shown in Fig. 2.

The morphology of char of FR-HDPE is thin. Crosslinked FR-HDPE had a thicker and denser
skin char than the unirradiated HDPE. The morphology of chars of FR-HDPE/Si elastomer is thicker
than that of FR-HDPE, because FR-FDPE/Si elastomer can form char which includes SiO2. Like FR-
HDPE, FR-HDPE/Si elastomer showed similar change after it was irradiated. The above-stated
confirms again that Si elastomer is found acting as an effective role when it was combined with FR-
HDPE. The layer of silicon elastomer works as a insulating material at the burning surface. This result
indicates inhibition of heat transfer from the flame zone to the bulk and gas emission from the bulk to
flame zone. After irradiated, Si elastomer can crosslinking self or with HDPE, Comparing with other
systems, the systems maybe have a harder char which isloate the material surface from the
atomospheric oxygen and effect on combustion. FR-HDPE /EPDM/Silicon elastomer generates a
thicker char comparing with the FR-HDPE to prevent smoke emission and poisonous gas leaving off
and protect the polymer.

Fig. 2a Morphology of ashes of FR-HDPE Fig. 2b Morphology of ashes of FR-HDPE*

Fig.2c Morphology of ashes of FR-HDPE blends Fig.2d Morphology of ashes of FR-HDPE blends*
REFERENCES

1. JiaShaojin, Zhang Zhicheng, Xu Xiliangetal, J. Radiat. Res. Radiat. Proces. 18 (2000) 1 17-123.
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Elhylene-co-propylene rubber (EPR) membrane was modified by use of acetylene/carbon

dioxide/hydrogen (C2H2/CO2/H2) plasma polymerization deposition. The influence of flow rate of gases,

glow discharge power and deposition time on the amount of deposition was investigated. It was found that

(he appropriate gas flow rntc should be as follows: C2H2 flow rale: about 20 ml/inin; CO3 flow rate: about

10'—.*»(> ml/min; H2 flow rate: about 10 nil/min, respectively. The amount of deposition increased with

deposition time, and gradually increased with increasing glow discharge power at first and at about 100

waits the deposition curve appeared to level off, the result agreed with Competitive Ablation and

Polymerization mechanism '*'.

From Infrared spectra (Fig.l), it can be seen that the deposited EPR membrane comprises oxygen-

containing groups, including >C=O (3442cm'1) and -OH (1740cm1), the hydrophilicity of EPR membrane

was therefore improved. It was also found that the values of the contact angle decreased with increasing (he

amount of deposition, as shown in Table 1.

Table 1. Contact angle of original and deposited EPR membranes

Amount of deposition (mg/cnr)
Contact angle (degree)

0
108

0.25
90

0.35
85

0.90
81

The permeability of the original EPR membrane and modified ones towards urea, crealine and

crcatinine was studied. The results are listed in Tablc2. It was clearly that the permeation coefficient

decreased with increasing the amount of deposition and the permeation coefficient of creatine was always

larger than that of urea and creatinine. For the original membrane, the ratio was about 3 tol, but for sample

2. it changed lo 5 to I. So lhis technique may be used to control the selective permeability of EPR

membrane

Table.2 Permeation coefficient of original and deposited EPR membranes

Amount of deposition

(mg/cm2)

0

0.113

0.180

p c. of urea

(10'W/s)

3.28

1.89

1.06

p.c. of creatinine

(IO"W/s)

3.55

2.39

1.24

p.c. of crealine

(IO'"W/s)

9.88

6.59

5.88
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Figl. FTIR Spectra of (a) original EPR membrane and (b) deposited EPR membrane

(Amount of deposition: 0.49 mg/cm2)

Reference:

1. Yasuda, H., and Hsu, T., (1978) Surf. Sci. 76(1), 232-241
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The nanocomposites of stable nanosilver particles embedded in polyacrylonitrile (PAN)
matrix were synthesized by y-radiation. In this method, the monomer acrylonitrile (AN) is
polymerized and the silver ions are reduced simultaneously by y-radiation to form composites in
situ. These nanocomposites are of great interest because they are considered to be novel functional
materials with a wide range of potential applications in nonlinear optical materials, conductive
composites, nanoscale electronics, electromagnetic interference shielding materials and the like [1,
2].

Solutions were prepared by dissolving analytically pure AgNO3 in distilled water followed by
adding isopropanol as a scavenger for free radicals, then adding a solution of acrylonitrile in N,
N'-dimethylformamide (DMF) or a very dilute aqueous solution of acrylonitrile. The solutions
were deaerated by bubbling pure nitrogen through it and then irradiating it in the field of a
2.59xl015Bq 6°Co y-ray source. After irradiation, precipitates were washed with distilled water,
then dried in an oven at different temperatures.

The size, morphology and structure of the polyacrylonitrile-silver nanocomposites were
investigated by X-ray powder diffraction (XRD) and transmission electron microscopy (TEM)
analysis. XRD patterns were recorded by a Japanese Rigaku Dmax yA X-ray diffractometer with
graphite monochromatized Cu Ka radiation (k= 0.154178nrn) and TEM image was taken with a
Hitachi Model H-800 transmission electron microscope. The absorption spectra were recorded on
a UV2100 Shimadzu UV-V1S Spectrophotometer using optical quartz cells.

Fig.l shows that the silver particles in the sample are amorphous (see Fig. l(a)). Only after the
product was kept in an oven at 180°C for 72 hours to crystallize, the face-centred cubic ( fee . )
crystalline silver is formed, as indicated by the diffraction peaks with 29 values of 38.2°, 44.3° and
64.5° corresponding to the crystal faces of (111), (200) and (220) of f e e . crystalline silver (see
Fig. l(d)). it suggests that the very slow reduction of silver ions is due to their strong interactions
with -CN groups of polyacrylonitrile.

40
26 (deg.)

FIG. 1. XRD pattern of a polyacrylonitrile-silver nanocomposite synthesized by y-radiation.
Solution: 3g AgNO3, lOg AN, lOg isopropanol, 15g H2O and lOg DMF; Dose: 8.4xlO4Gy.
Dried at (a) 50°C for 12h; (b) 100°C for 5h; (c) 150°C for 5h; (d) 180 °C for 72h.

The strong interaction of silver ions with -CN groups of polyacrylonitrile was also confirmed
by IR spectrum of polyacrylonitrile-silver nanocomposites. The absorption band at 2026.6 cm"
may be attributed to Ag-CN.
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The absorption spectra of a very dilute aqueous solution of AgNO3 and AN after y-radiation
of different time at a dose rate of 0.83 Gy/s were studied. From Fig.2, it can be seen that the only
absorption band at 280 nm appears at the beginning of radiation. On the other hand, the absorption
band at 410 nm appears only after 40 min. However, on condition that PAN is replaced by
polyvinyl alcohol (PVA), the only absorption band at 410 nm appears at once at the beginning of
radiation, but no absorption band of shorter waves appears. These facts also verify that these are
the interactions of silver ions with -CN groups of polyacrylonitrile indeed.

FIG. 2. Absorption spectra of an aqueous solution after y-radiation of different time at a dose rate
of 0.83Gy/s (reference: distilled water). Solution: lxlO3 mol/1 AgNO3, 0.02 mol/l AN, 1.0 mol/1
isopropanol. (0) before y-radiation; (1) 10 min; (2) 20 min; (3) 40 min; (4) 60 min; (5) 108 min.

TEM image shows that very small silver particles with the size of 0.4~l nin are densely
dispersed in the rod-shape polyacrylonitrile matrix (see Fig.3).

FIG. 3. TEM image of the same solution as in Fig. 2; Dose: l . lxlO4Gy.

REFERENCES
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Cotton Cellulose via y-Preirradiation Method
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ABSTRACT

Cotton cellulose is a kind of natural polymer that now can not be entirely substituted
by artificial fibers. To modify cotton cellulose and its derivatives have chronically
been carried out and grafting polymerization through y-preirradiation is one of the
important methods.

The homopolymer of NIPAAm, that is, PNIPAAm, possesses temperature
sensitivity and can act as a functional polymer. Grafting NIPAAm onto preirradiated
cotton could explore on modification and the mechanism study of the grafting
polymerization. Our previous research in the preirradiation grafting of NIPAAm on
cotton cellulose in pure water systems indicated the special temperature effect on such
grafting reactions and the important role of interphases between crystal and
amorphous regions of the cellulose molecules'11. Current research using mixed
solvents of water and alcohols in grafting reactions probed still further into such idea.

/ Main conditions of grafting

After irradiated for 1.5hr to the overall dose of 33kGy, the samples were immediately
immersed in NIPAAm solutions of mixed solvents with nitrogen bubbled in. The
grafting reactions lasted for 4hrs under certain temperatures. The grafted samples
were extracted with ethanol for about 12hrs and then dried to constant weights'11.

2 Effect of the composition of the solvents

In the mixed solvent of water and methanol, the grafting yield first went up with the
increase of the methanol and then fell down until to almost zero in pure methanol. In
water with ethanol, propanol, isopropanol, or acetone, the grafting yields decreased
continuously from pure water to pure organic solvents to almost zero (Fig.l).

651

o 20 40 60
Percent/%

Fig. 1 Grafting yield vs solvent composition
1-Methanol, 2-Acetone, 3-Ethanol,

4-Propanol, 5-Isopropanol

* Corresponding author

250

Fig.2 Crystallinity vs grafting yield
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Alcohols are good swelling agents for cotton cellulose. They can help monomers
approach the active sites in cellulose molecules more easily during the grafting
reactions and promote the reactions. But they are also relatively effective chain
transfer agents that could decrease the grafting yields'21. As to methanol, because of its
strong swelling capacity and relatively weak chain transfer capacity, it improves the
grafting polymerization when its concentration in the mixed solvent with water is low
(lower than 20%). In the higher concentration, its chain transfer role surpasses its
swelling role and consequently it affects the grafting yield adversely. For other
alcohols, they have relatively weak swelling abilities. Their chain transfer abilities
always exceed their swelling abilities, so the grafting yields decrease continuously.

3 Effect of the concentration ofNIPAAm

In this part, the ratio of water and MeOH in the mixed solvents was 4:1 (v:v).
Along with the augment of the concentration of NIPAAm, the main trend of the
grafting yield was to increase. Two peaks appeared, due to the Trommsdorff effect.
The small peak around 15% (g:v) might be attributed to water, while the large one
around 40% to methanol.

4 Effect of the grafting temperature

The ratio of water and MeOH in the mixed solvents was also 4:1 (v:v).
The increasing grafting temperature had both improving and adverse effects on the
grafting procedure. For AAm the grafting polymerization was typically induced by
trapped radicals. The adverse effect surpassed the improving effects, so the grafting
yield tended to decrease continuously. But for NIPAAm, PNIPAAm had temperature
sensitivity and its LCST was within 30 - 40°Cni. From 21°C to about 40°C, the
increase of the temperature led to the shrinking of PNIPAAm that immobilized the
homopolymer and hence inhibited the termination reaction. Thus, the grafting yield
increased within this range. After 40°C the grafting yield fell down.

5 Discussion on the 'third phase'

The relatively high grafting yield under room temperature can mostly owe to
interphases so called the 'third phases' between the crystal and amorphous regions of
the cellulose molecule'11. The free radicals in the 'third phase' are stable and the 'third
phase' is less regular than the crystal region. The monomer molecules enter the 'third
phases' to react with the free radicals there. The radicals are compensated
continuously by those migrating from the crystal regions nearby. The grafted chain
destroys the regular structure around. Monomer molecules filter further into the
original crystal region and grafting reactions happen there. Measurement of X-Ray
Diffraction (Fig.2) showed that when the grafting yield of the grafted product is high,
its crystallinity is low. The result supported the theory of the 'third phase'.
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Oligochitosan has long attracted much attention as they have physological
functions in a great variety of living organisms, such as induction of phytoalexins [1-
31, hemostatic and antitumor activities [4],.. . This paper presents a new application
field, in vitro growth-promotion effect of oligochitosan produced by radiation
technique.

Chitosan with 80% degree of deacetylation was used for study. Oligochitosan
was produced by radiation degradation of chitosan solution (10% w/v) with dose of 50
kGy. The resultant oligochitosan was diluted in tissue culture medium as shown in
table 1. Each tissue culture potconsits of 22 plants.
Table 1: Oligochitosan in the tissue culture medium of Chrysanthemum revert [5]

Bed

1(*>

2
3
4

Medium

MS
MS
MS
MS

Oligochitosan
concentration, ppm

0
20
50
100

Number of pot

3

3

( *) : The control bed
The length of stem, root and the fresh biomass (including all of root, stem and

leaves) of the tissue culture plants were recorded after 20 days incubating at 25°C.

RESULTS AND DISCUSSION
Table 2. Effects of oligochitosan on in vitro plant growth-promotion

Oligochitosan
cone,
(ppm)

0
20
50
100
LSD

Growth-promotion effect
The length of stem

mm
30.7
31.6
31.6
2 9 J N S

0.8

%
100
102.9
102.9
94.8

The length of root
mm
34.3
48.6
57.8
48.6
6.1

%
100

141.7
168.5
141.7

Fresh biomass
g/22plants

4.57
7.63
7.40
6.43
1.23

%
100

160.6
155.8
135.4

LSD: The least Significant Difference, NS: None Significant Difference
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The results in table 2 indicated that oligochitosan with the concentration from
20 to 50ppm in culture medium made the length of stem of Chrysanthemum revert
increase 2.9% compared to the control one.

The results in table 2 also showed that oligochitosan made the root of
Chrysanthemum revert longer from 41.2 to 68.5% for oligochitosan concentration of
20 to 50ppm respectively.

Finally, the fresh biomass of Chrysanthemum revert increased up to 60.6%
compared to the control bed at the treatment of 50ppm of oligochitosan.

It was an evidence that oligochitosan produced by radiation technique has the
growth-promotion effect for plants in tissue culture.
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RADIATION PROCESSING OF BIODEGRADABLE POLYMER (3)

CROSSLINKING OF CARBOXYMETHYL STARCH

AT PASTE-LIKE CONDITION

F. YoshiiW, N. Nagasawa®, H. Mitomo<2>, and T. Kume«

(1)Takasaki Radiation Chemistry Research Establishment, JAERI, Watanuki-machi, Takasaki-

shi, Gunma, 370-1292 Japan
(2) Department of Biological and Chemical Engineering, Gunma University, Tenjin-cho, Kiryu-

shi, Gunma, 376-8515 Japan

It is well known that starch degrades under the influence of high-energy radiation in

solid state. Starch derivatives such as carboxymethyl starch (CMS), hydroxyethyl starch, and

hydroxypropyl starch are soluble in water. Since water give radical such as *OH by radiolysis

and also enhance the mobility for polymer, irradiation of aqueous solution often induce high

crosslinking of water soluble polymer. CMS was irradiated with electron beam in the presence of

water to induce crosslinking structure. Irradiation was carried out at diluted solution, viscous

solution, paste-like condition (high concentration) well-mixed CMS with water, and solid CMS.

The result is shown in Figure 1. Crosslinking of CMS was led by irradiation with a dose of 50

kGy at high concentration from 20 to 60 %. Such CMS of high concentration before irradiation

were strongly kneaded with water in glass vessel by using glass bar to achieve a homogeneous

mixture. It is so-called paste-like condition. It is found that paste-like condition is effective for

crosslinking of CMS by irradiation. At 70 % of polymer, water is insufficient for mixing homo-

geneously with CMS powder, consequently such material give lower gel fraction than that of 20

~ 60 %. Irradiation causes degradation for di-

luted aqueous solution, below 10 % and solid

state of CMS. Crosslinkers such as formalde-

hyde and epichlorohydrin are frequently used

for introducing intermolecular bonding of

CMS. It is predicted that unreacted chemical

remain in crosslinked CMS. Crosslinking of

paste-like samples was induced only by irra- i t 40

diation. This advantage makes simple tech-

nique for crosslinking of CMS and crosslinked

CMS is very pure.

Relationship between gel fraction and

dose in crosslinking of CMS of paste-like con-

100

80 -

c
o

60 -

20 -

0 100

dition is shown in Figure 2. At 10 %, small gel

fractions arise at 10 kGy, but gel fraction dis-

integrate by degradation at high dose, 20 to 40

20 40 60 80
Concentration (%)

Figure 1 gel fraction of CMS irradiated

at various concentrations.
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10 20 30 40

Dose (kGy)
Figure 2 Effect of polymer concentration on

crosslinking of CMS.

kGy. Even for concentration of 15 and 20 %,

decrease of gel fraction by degradation is ob-

served at higher dose such as 40 kGy. Maximum

gel fraction is remarkably affected by high con-

centration. At high concentration(40, 50 %), gel

fraction reach 50 % at low dose, 3 kGy and satu-

rate at 5 kGy. Required dose for crosslinking of

CMS is relatively smaller. From this finding, it

is that obviously that required dose for

crosslinking at paste-like condition is very small

compared with crosslinking of solid polymer such

as polyethylene or rubber. Also irradiation of

carboxymethyl cellulose (CMC) at paste-like

condition led efficiently crosslinking as described

in previous paper[l].

Relationship between swelling and dose

of crosslinked in paste-like condition CMS is

shown in Figure 3. CMS after irradiation was

immersed in pure water for 48 hours to estimate

swelling ratio (SR). The SR decreases with in-

creasing dose, furthermore it decreases with in-

creasing concentration of CMS. It might be due

to depence on density of crosslinks in CMS gel.

lg of the dry gel (concentration of 15 %)

crosslinked at low dose, 3 kGy formed hydrogel

which is able to absorb about 500 g of distilled

water. This is very important factor for its future

application. Furthermore, CMS has biodegrad-

able property even after cross l inking.

Crosslinked CMS can be composted after use. It

is an environmentally acceptable material.

From these findings, in conclusion, CMS occur crosslinking the most efficiently at paste-

like condition kneaded with water. Application of crosslinked CMS for diaper, foam and agricul-

ture field is expected.
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1. Bin Fei, Wach R. A., H. Mitomo, F. Yoshii, and T. Kume; J. Appl. Polym. Sci., in press
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The Comprehensive Radiation Technique for

Improving the Utilization Rate of Rice Straw

Xfe Zongchuan Xing Xiaohei

( Nanjing Radiation Center Jiangsu Academy of Agricultural

Sciences, 210014,Nanjing, P. R. of China )

ABSTRACT

Material and methods: Nine fungi strains were collected to select

the best which could effectively degrade cellulose and lignin in rice

straw. Rice straw as sample was also collected just after rice

harvested and cut into small pieces for media preparation and

pre-treatsd respectively with 1% NaOH, 1% HCI and hot water

(60°C) fo.' 24 hr, rinsed to be neutral and dried at room temperature.

The media were radiated ai room temperature for sterilization before

microorganisms inoculation. Solid state culture media containing

pre-treated nee straw shredded and other components were put into

plastic boxes, adjusted the pH to 6.0 and were radiated at 10 kGy

using gamma rays of cobalt-60. Various fungi strains were

inoculated onto the solid state media and incubated under 85%

relative humidity at 26-28°C for i5-30days. The methods for

analysis of CF and CP refer to Hitoshi iito and T. Kums. The rice

straw were inoculated onto plate containing media using rice straw

as only one carbon source for plate culture to value the growth state

of fungi. The bio-conversion efficiency was determined by assaying

the fruit-body weight/rice straw weight.
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&AOifiTiG fJst£&iLlzA7i0ft: A TOOL &? TH£ C^BAU MF0fCAl>-

Enrique- Fco. Prieto Miranda % Armando Chavte Ardansa *. Mayra Rodriguez Jorge * *, Marta.
Guerra Ordhiiez * *.

*Center of Applied Studies to the Nuctear Development (CEADEN).
* *Center of Researches andHeveiopTnent of Drugs (CHJEM).

Synopsis.

The eraploynient of the gflinroa radiation >n th& sterilization and decontamination of medical-
pharmaceutical materials ant: insdicinai herb« has l>e*u mcrt^tMtd in the last years so muih in o«r
country as intenxniianzslly.. bsing Ibis ar̂  sJterrwdive tnetliod thai it offers in most of ffee cases
advantages on the conventional methods of decoatiuninalwn said of sterilization, because it
allows (be treatment of the product in its final container, it is a process m cold aud it doesn't leave-
toxic rssidfjaJs, this inarexaent of iis appiieaiioa csai aluo be aih-ibut&d to its high efficiency and
the plastic and cheap cociponcats of the medical products for those vvhtch iJie heat and the-
chemical and cODventional insthods of steriHzatioa arc inadequate.

The Cubaii Medical-Pharrnac-?ut;cal Industry possesses an eslire series of natural products
are fundamentally employed as active principles for tiie elaboration of different pharmiiBcuJLcal
forms <it in certain occasions like nutritionai ^iqjpieaents besides a quantiry of ph&rm&ce>tzic&i
products thai contain a certain microbiological load that places niem in. many silustioos emtside
of the specification* of established laierobiological quality caiionally as nmcb in s. czs? as hi the
other on'?. It implies the necessity to decrease the oucrobiologicai load present ir.. the same ones
to bt able to guarantee this wsy the roie that these natural and pharmacoiitical prodticts shoaiti to
pi&y in the husififl health.

7n fhe prescxif p îp<?r was carried <rut a dose study in the range of 1.0 up to 20.0 kGy for ail the
analyzed products, which vvas m&d& in a- self shielded iaboratwry srradiator belonging to the
CEADEN and later on the irradiation process to pilot scale was carried out in tho Food Irradiation

60Plant of the Research Institute of Pood Industry (THA.), both tkciJities with sources of Co60 .
M'crobiofogicai, piij'sjcai-ciieniic-al and/or nutritiooal evaluateons were carried out pre and post-

n^ being evaiuated this way tbe effectiveness of the process. The calibration dosimetry
carried out with the Frids? dosimeter and tSic control process dosimetry with tlv? ceric-cerous

dosisnetric syatetc "for two differena; concentrations from its vv-ork range. An appropriate
geometry was designed sines the products were irradiated near to the irrsdiarjoii

source and j« th^ position-.'; of high dose values of the IHA facility because the same one is not
designed for the irradiation of this product type.

In each case the of appropriate radiation dotse was o^tcrnVtned io achieve the decontamination of
the producfci. In the Table I are shewn &z raw materials and p-harmaceutical products as wel! SB
the medicinal herbs with tiieir dzcontamiualton radiation dose values, these YsJucs
guarantee an appropriate hy ,̂«sR«<;-sanitHry quaSity, which j<? HJ correspondence to (he lixcd
specifications in the country.
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Table I. Irradiated products and their deconfamiaafioa dose values.

PRODUCTS DOSE (fcfciy)
Raw material;
Talcum powder 1.0
Ranitidine 1.0
Pharmaceutical products:
Mafenitbt cream 3.0
Bariopac powefer 1.0
Natural products :
Sptruliaa platensis 6.0
Pollen of bee 6.0
Acitan 5.0
Medicinal herbs:
Cajtendiila officinAtti 7.0
Passiflwra incarnata 7.0

Tfo?se studies demonstrated the fexsibiiity of the zmploymexxt of the gamma radistions with
deooiitaiT).ination puni-oeec like an alteraative tnethod to a-ssiire the microbiological quality of
these products wiiliouf aflfecring jis pbvsical-chenjical and/'or nuu iiional properties with
of inferior radiaiion dose- to 1.0.0 kGy.

1. IAE^V Manual on Radiation Sterilization of Medical and Biological Materials. Tech.
Scr!?sMbL 149. IAEA, VieanH, 1975..

2. Rodriguez,M.? Prieto^.Fco, a îd et. ai..Gamma radic-decoatajsiinaiion of jiatuial px^ducts
employed in the Cuban Pharmaceutical Inchistry. Technical Report CEDEM-HIA, lisvasa,
Cuba? 1997.

3. Guorra.M., Rodri,guez,M., PnbtoJLFco. and e t aJ.. Experience in the radiodecontamiaaCum
of pharmw?utical products. Technical Report CIDEM-H5A, liscvaasu Cuba, 1997.

4. Prisio7E.Fco- Tiie sulphaie eerie (cehc-cerotis) dosinietric
in Cuba.Prccsedhigs 4tb Meetings Ni-'c?c?ar on Application, Vol.1, BraziJ, 1997,24.
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STUDY ON THE RADIOLYSIS OF LIGNIK CONTAINED IN WOOD SAWDUST

R. A. MUNOZ-BURGOS, F. MUNOZ BISESTI.

Laboratory of Applied Research.- Nuclear Sciences Institute

Escuela Poiitecnica Nacional.- QUITO, ECUADOR.

With the aim to reduce as much as possible the use of

contaminating chemical reagents into the process to separa-

te lignin from cellulose and hemicelluloses, ionizing radiat-

ion from gamma rays of Cobalt-60, and beta particles from e—

lectron beam were used on raw lignin, and also onsaieied

sawdust from mixed tropical woods.

Raw lignin was irradiated with 20 KGy. of gamma rays

at a dose rate of 1 KGy./hour, and separately with 50 KGy.

of EB of 7MeV, at a dose rate of lKGy./min.

Sawdust was extracted with ethano1-water 80/20 (v/v).

The aqueous ethanol extract was concentrated almost to dry-

ness. Samples of this extract were analyzed by TLC. The rest

of extract was irradiated with 20 KGy. of gamma rays, and se-

parately with 50 KGy. of EB., at dose rates indicated above.

Samples of irradiated extracts were anlyzed by TLC, and by HPLC.

Raw lignin irradiated at ambient conditions with 20 KGY.

of gamma rays gave several spots when applied to a thin layer

of Silicagel G,., and some peaks in the chr oma t o gr am of HPLC.

Chromatograms of TLC, and HPCL of samples of processed

and irradiated sawdust of mixed tropical woods showed several

spots and peaks which are being now characterized and quan-

tified .
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RADIATION TECHNOLOGIES ON INDUSTRIAL
ELECTRON-BEAM ACCELERATOR ELV-4

A.Borisenko, S.Lysukhin, V. Lukianenko
Institute of Nuclear Physics (INP), Almaty, Kazakstan

Electron beam accelerator ELV-4 was developed and
manufactured in Novosibirsk's Nuclear Physics Inslilule (Budker
Institute) and is an representative of the whole series of direct
action accelerators, which have been manufacturing since 1971.
The basic technical specitications are as gxven in Table i.

Table 1
Energy range of accelerated electrons (MeV)

Instability of enerqy, %

Beam maximum power (kW)

Beam maximum current (mA)

Pulsation of accelerating voltage, %

Irregularity 0-f current density in irradiation area, %

Size of output window, mm

1.0-l.b

±5

50

40

±2

±10

980x"75

Electron accelerating is provided by metal-ceramic
accelerating tube. Feeding to accelerating tube supplies from
high-voltage rectifier, represented as single-phase cascade
voltage multiplier with inductive coupling. Electrons source is
cathode made of lanthanum hexaboride with indirect heating. Its
feeding and control systems are placed under rectifier high-
voltage electrode. The accelerating tube is placed coaxial
towards secondary winding of high-voltage rectifier and screened
from vortical electromagnetic field by set of cooper rings with
gap. Accelerator elements, which are under high voltage, were
placed in vessel, filled in with insulation gas SFe under 10 atm
pressure. Output of accelerated electron beam from vacuum chamber
into atmosphere is performed though titanium foil with 100 fim
thickness. Beam sweep across the foil is conducted with scanning
device in two perpendicular directions. Vacuum in accelerating
tube and in beam output system is provided by two magnet-
discharge pumps. Irradiated materials feed onto chain conveyer
with adjustable motion speed under electron beam[l].

RADIATION CROSS-LINKING OF ROOFING MATERIALS
The technology for roofing material "Krovlen" production

intended for roofing of any kind of buildings was developed at
accelerator "ELV-4". Roofing material is a polymer material,
produced from rubber mixture on the basis of industrial purposes
rubber with appropriate components and subsequent vulcanization
by radiation—chemical technique.

Vulcanization is performed by irradiating of pre-rolled raw
material with electron beam at the following accelerator
parameters:
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electron energy
beam current
conveyer speed
absorbed doze

1 MeV
16-20 mA
10 m/min
10-120 kGy.

Requirements, which the finished product has to correspond are as
given in Table 2.

Table 2 ^
Desiqnation of index '

1. Thickness, mm
2. Width, mm
3. Roll's total square, m~
4. Conditional strength, MFa, not less than
5. relative elongation, %, not less than
6. Water-absorbing, %, not more than
7. Heat resistance (length variation), ar, 100 DC, %
B. Waterproofness
9. Floni.bi.lity ( »<; £ ">™ radius) undor -3BDC

Standard
1.0-1.4
980-1000
50+0.5
4,0
300
3
3

waterproof

RADIATION STERILIZATION Of SUPPLIES AND INSTRUMENTS,
USED IN MEDICINE

Radiation sterilization of materials and instruments, used in
medicine - is one of the most developed field in radiation
technology. The task is - the material, in hermetic packing, has
to get "sterilizing doze", which accepted to be 25 kGy. Electron
penetration depth in substance is extremely small comparing to
gamma-quantum and makes approximately 8 mm in water for 1.5 MeV
energy. Due to this, just thin materials with small density can
be a subject to sterilization.

Sterilization of syringe, catheter systems and hygienic tissue
for newborns is prodused industrially. "Sterilizing doze" is
achieved at the following accelerator parameters:
• electrons energy 1.0-1.5 MeV
• beam current 5-6 mA
• conveyer speed 4-6 m/min

Technologies developed allow to produce roofing materials with
improved characteristics and to perform large-scale
for industrial purposes.
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Swelling behavior and gel fraction of gamma irradiated polyvinyl alcohol films
in

Gonzalez, M.li., Mondino,
National Atomic Energy Commission, Technological Applications
1804 Centro Atomico
Argentina

Hydrogcls films have been prepared from polyvinyl alcohol by means of acetalization and /
or gamma irradiation (Mondino ct al 1999). Potential applications of these films are as
wound dressings or ding delivery preparations, that is why we considered relevant to study
their properties regarding water retention ability and resistance to water at temperature
conditions according to the envisaged use. Preparation and irradiation conditions were
detailed in the reference cited above. Applied doses were 25, 40, 60 and 86 kGy.
In this work, a comparison was made among the hydrogels formed by irradiation,
acctalization and a combination of acctalization and irradiation.
The water retention ability was measured for hydroge! films kept in a chamber at 100%
humidity and 25 °C until equilibrium. The humidified gel was carefully weighed, then the
retained water was evaporated and the dry gel weighed.
Water retention ability was expressed as

H (%) = (Ww - Wi) / Wi x 100

where Ww is the weight of humidified film and Wi is the weight of dry film.
On the other hand, the insoluble or gel fraction was determined after immersing the dry
films in water at 40 °C. The dry films were weighed before and after the water treatment.
The insoluble fraction was calculated as

= Wf/Wixl00

where Wi is the initial weight of dry gel and Wf is the final weight of dry gel after heating
in water.
The results show that gamma irradiated PVA films have decreasing water retention ability
with increasing dose with a strong reduction after 60 kGy. The values for PVA films
acetalized with different times of reaction were low and showed little variation. The films
acetalized and gamma irradiated had very low water retention ability, except for the films
that received the highest dose (86 kGy). (Fig. J)
These results can be explained by assuming that the irradiation introduces new
crosslinkings that increase the crosslinking density of the acetalized PVA. However, higher
doses induce bond scissions that partially open the reticular structure and increase the water
retention ability.
Insoluble fraction of irradiated PVA films decrease abruptly for the highest dose applied,
probably due to bond scission. Acetalized PVA films have an insoluble fraction almost
constant and near 100 % over the reaction times employed. The combined treatment of
acetalization and irradiation gives an insoluble fraction of 98-100 % for all radiation doses
and reaction times employed. (Fig.2)
These results confirm that irradiation increases the crosslinking degree of acetalized PVA
films. Bond scission caused by the increasing of dose to 86 kGy increases the dimensions
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RADIATION PROCESSING OF BIODEGRADABLE POLYMER (2)
HYDROGEL FROM CELLULOSE DERIVATIVES

Radoslaw A. Wach1, Hiroshi Mitomo1, Fumio Yoshii2, Tamikazu Kume2

Department of Biological and Chemical Engineering, Faculty of Engineering, Gunma
University, Kiryu, Japan1, Takasaki Radiation Chemistry Research Establishment, JAERI2

Polysaccharides such us cellulose derivatives, exposed to ionising radiation, had been
recognised as degraded type polymers for long time. Under the influence of gamma rays or
high-energy electrons from accelerators the main occurring reactions lead to random cleavage
of glycoside bonds in main chain. Irradiation of some cellulose derivatives in aqueous solutions
at certain conditions resulted in formation of three-dimensional net of crosslinked gel. Created
hydrogels are insoluble in water but swell significantly absorbing huge amount of solvent and
still maintain their initial shape and poses some mechanical resistant. Such material can find
applications as superabsorbers, water reserviors, hydrogels for biomedical devices or others but
after use should not be troublesome ballast for the environment. Thus cellulose ethers
examined in our investigations seems to be excellent material, combining good swelling
properties with the ability to degradation. In the present research four cellulose ethers in
aqueous solutions under ionising radiation were studied. It was found Carboxymethyl cellulose
as sodium salt (CMC), Hydroxypropyl cellulose (HPC), Hydroxyethyl cellulose (HEC) and
Methylcellulose (MC) form biodegradable hydrogels when irradiated in moderately
concentrated solutions.

All examined cellulose ethers exposed on y rays in solid state or in diluted aqueous
solution undergo predominantly degradation. Backbone chain scission resulted in reduction of
molecular weight, which is indicated by decreasing of viscosity1. Crosslinking successfully
competes with glycoside bone cleavage as the concentration of polymer in solution oversteps
critical value, then insoluble gel appears. Gelation occurrence depends on the molecular
weight, the degree of substitution (DS) of the polymer and irradiation conditions, as we
reported for CMC2. We also found that CMC with higher DS form gel easier and more
efficiently than that of lower one. CMC with degree of substitution 2.2 irradiated at high
concentrations (50 - 60%) by y-rays in vacuum or by a beam of accelerated electrons reach ca.
90 and 95% of gel respectively. Irradiation at medium concentrations resulted in not so high
gel fraction but the maximum water uptake enhances. In figure 1 20% solution of CMC treated
by y-rays in vacuum exhibits swelling over 1000 at low applied doses. Comparing to CMC 2.2,
crosslinking of HEC, HPC and MC differs considerably due to the type of irradiation. The gel
fraction is significantly higher for irradiation with high dose rate as presented in figure 2 for an
example of HEC 30% aqueous solutions. Concentration of free radicals in the system is
determined by the dose rate and to their intermolecular recombination it is required the
existence of two such species on neighboring chains. Thus high dose rate, as well as high
concentration of polymer increase the yield of crosslinking. Curves of similar shape with
strong dependence on dose rate and concentration were obtained for HPC and MC. In the
presence of air in the system during irradiation maximum gel fraction diminishes drastically
due to oxidative degradation for all investigated polymers except of irradiation by accelerated
electrons with high energy. Radiation parameters: gelation dose Dg [kGy], yield [l/100eV] of
crosslinking G(x) and scission G(s) were determined at the basis of Charlesby-Rosiak
analysis3.
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Crosslinked hydrogels were degraded by cellulaze enzyme proving it is
environmentally friendly polymer. Tests carried out in acetic acid - NaOH buffer pH 5.0, like
this showed in figure 3 for an example of CMC 2.2 have demonstrated high degradability of
the investigated material. Hydrogel were prepared by gamma irradiation at different doses from
50% CMC aqueous solutions. Hydrogel of less applied dose degrade faster than those
crosslinked more tightly by higher energy. Samples formed by the energy of 15 and 20 kGy
disintegrate completely after 95 hours. While those formed by 10 kGy disappear before 8 hours
of enzymatic treatment - not showed at the picture - despite, they posses relatively high gel
fraction, over 40%. For gels irradiated at dose 40 kGy and above the degree of degradation do
not exceed 60% after 96 hours of incubation. The material characterised by a huge swelling
ability, irradiated at lower doses - the most desired from the point of view of further
applications - undergo, by the action of enzyme, the fastest biodegradation.

10a

0 20 40 60 80 100 120 140 160

Dose [kGy]

Figure 1. Gel fraction, (a) and swelling, (b) of
CMC 2.2 crosslinked by y-rays in vacuum in
20% aqueous solution.

0 20 40 60 80 100 120 140 160 180 200 220

Dose

Figure 2. Crosslinking of HEC aqueous
solutions 30%, gamma irradiated: • - HEC 8,
O - HEC 9, EB irradiated: • - HEC 7, • -
HEC 8, • - HEC 9. Numbers indicate
molecular weights fractions, 7 - low, 8 -
medium, 9 - high.

20 40 60

Time [hours]

Figure 3. Biodegradation of CMC 2.2
hydrogel, formed from 50% aqueous solution
by gamma irradiation at various doses in
vacuum. Cellulase enzyme in acetic acid -
NaOH buffer pH 5.0 at 37°C.
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Radiation Synthesis and Characteristic of IPN Hydrogels Composed of
Poly(diallyldimethylammonium chloride) and Kappa-carrageenan
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Hydrogels are three-dimensional network of polymer chains consisting of one or more polymers that can

absorb a large amount of water when they are at swollen states. They have been studied for many years due

to their many applications in various fields, especially as biomedical materials. However, hydrogels

sometimes have poor network strength when water filled in the space of macromolecules. To enhance the

mechanical properties of hydrogels in swollen state, synthesis of interpenetrating network polymers is an

effective means.

In this paper, the homopolymerization of diailylammonium chloride (DADMAC) was investigated. It

was found that this quaternary ammonium compound was easy to form crosslinked polymer induced by UV

or y-rays that could absorb several hundreds times of water in proper condition, but the wet hydrogels

wwere brittle. Then natural polymer, Kappa-carrageenan (KC) was added to the polymerization system. By

gamma irradiation, the IPN hydrogel of PDADMAC/KC was obtained and the wet strength of the gel was

improved obviously

1. Preparation ofPDADMAC/KC IPNhydrogels

The monomer DADMAC of 50% (wt% in water) and the crosslinker, N,N'-methylenebisacrylamide (Bis)

of 0.5% ( mole percent of DADMAC) were mixed with KC and heated at 80°C to dissolve KC, then the

mixtures were poured into cylinder tubes. After cooling at room temperature, the polymerizations were

induced by y-rays.

2. Measurement of hydrogels

After irradiation, the gels without any treatment were cut into cylinders of 5mm thick and then the

cylinders were compressed under a constant pressure to show the change of height with homemade

equipment. The gel strength was expressed by the reciprocal of the relative change of height.

Then the cylinder gels were dried to constant weight under vacuum at 50°C and extracted by methanol in

Soxhlet's Extractor for 23 hours to remove the unreacted monomers and linear polymers, and dried again to

constant weight under vacuum at 50°C. The gel fraction was the ratio of the dried gel weight after and before

extraction.

To indicate the swelling property of the gel, the dried gel was immersed in distilled water at room

temperature, the swelling ratio was calculated from (Ws-Wd)AVd, where Ws is the weight of the swollen gel

and Wd is the weight of the dried gel.

3. Results
The gel fraction decreased with increasing dose rate but increased when dose of the polymerization was

increased due to the longer polymer chains formation. From Fig.l, it can be seen that the content of KC in
system did not affect the gel fraction obviously. However, when the concentration of KC (w/w percentage
of DADMAC) went up, the strength of the gel after irradiating increased (Fig.2). This indicated that the
addition of KC to the polymerization system might provide framework for DADMAC to form IPN and
subsequently enhanced the strength of the gel.
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The influence of KC on the gels could also be found in Fig.3 when the IPN gels immersed in water to the

equilibrium of swelling. When the concentration of KC was lower (1% and 2%), the gel quickly swelled

and broke into pieces in a very short time. As the concentration of KC increased, the swelling ratio of gel

slightly decreased but the shape remained well

120 ,-

30

25

g

O)

"ffi 15

time, h KQ concentration, mole/L
Fig.3 the effection of KC content on the swelling ratio of the gel Fig. 4 the effection of ionic strength on the gel swelling

KCconcentration (1)1%, (2)2%, (3)3%, (4)4%, (5)5%

The influence of ionic strength on the gel swelling showed in Fig.4 was a typical behavior of

polyelectrolyte. hat meant the increase of ionic strength in the solution led to an increase of the osmotic

pressure of the solution ions and a decrease of the excess osmotic pressure of the networks ions, resulting in

a shrinking of the polyelectrolyte gel.
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Radiation preparation of blend hydrogels composed of

DADMAC and NIPAAm

Zhang Yalong and Yi Min*

Department of Technical Physics, Peking University, Beijing, 100871,China

The significant interest has been paid to poly diallydimethyl ammonium chloride (poly

DADMAC), because of its special structure and properties, such as the interaction with opposite

charged particles[l], but few work about their radiation synthesis and swelling property was

reported. In this work the hydrogels of DADMAC and blend gels composed of DADMAC and N-

isopropylacrylic amide (NIPAAm) were prepared by irradiation technology and some of their

properties were investigated.

1. Radiation preparation of poly DADMAC and their properties
The conditions of radiation synthesis of poly DADMAC were investigated in detail. It was

found that the monomer was easy to be polymerized and crosslinked, but the fraction just could

reach to 40-50% and dose, dose rate, concentration of monomer and cross linker in aqueous

solution had no obvious influence on it (see Figurel and Figure2). The hydrogels obtained had

very high swelling capacity in water, but had poor mechanical property when they were in swollen

state.
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These results might be cause by the two factors. One is the spatial factor of group hindrance;

the other is the electrostatic effect of group electrostatic repulsion. In order to overcome these

problems in their molecular structure blend some neutral polymer such as NIPAAm is a way to be

used.

2. Radiation preparation of blend hydrogels composed of DADMAC and
NIPAAm

The blend hydrogels of DADMAC and NIPAAm was prepared by radiation technology as

well. The optimum conditions of preparation were given. Some significant properties of obtained

blend hydrogels were showed as follows.

* corresponding author
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(1) The mechanical property of blend gels with suitable content of NIPAAm was modified
obviously.

(2) Simultaneous increasing of gel fraction and swelling ratio of the blend gels with the
content of NIPAAm in the blend appeared

( 3) An equilibrium about swelling behavior mechanism is given[2]

Mt/Moo=k*f

Where M, is the mass of water absorbed at time t.

Moo is the amount of water absorbed at equilibrium.

K and n are constants.

The value of n=0.5 signifies a Fickian water diffusion mechanism, while n=l indicate

macromolecular relaxation controlled mechanism. By the study of kinetic property of the

hydrogel and blend gels mechanism, it revealed that the value of n of hydrogels is about

0.5while that of blend gels is about 0.9. It means the flexibility of crosslinked net work had

been modified. Further study will be carried out about other possible effect to gel fraction

and swelling ratio, and thermosensitive property of blend gels which hadn't been observed in

the hydrogels.

(4) The blend hydrogels were possessed of temperature sensitivity when the content of NIPAAm

was high enough up to 30% in mixed monomers. That blend hydrogels might be used in

medical practice as a bio-materials.
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EFFECT OF KC AND KC1
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Hydrogels are water swelling, three-dimensional polymeric networks possessing both the cohesive

properties of solids and diffusive transport properties of liquids. Now they have been increasingly

attractive to researchers and technologists because of their wide spread application in medical

fields, especially the hydrogel that can respond to external stimuli.

N-isopropylacrylamide (NIPAAm) is a special sample with a negative thermo-responsivity i.e.

decreasing swelling levels with increasing temperature. The volume phase transition of poly (N-

isopropylacrylamide) gel was first reported by Hiro Kawa and Tanaka. They proposed that

PNlPAAm undergoes a sharp volume phase transition at a temperature close to 32°C which was

called lower critical solution temperature .The property of PNIPAAm was widely used in

controlled drug delivery and molecular segregation.

Meanwhile, a serious limitation of pure NIPAAm gel in many of these applications is its low

mechanical strength in a highly swollen state.

Kappa -Carrageenan is a kind of 'Carrageenan, which is abundant in seaweed as matrix

materials. Chemically, it is linear, sulfated polysaccharide composed of D-galactose and 3,6

anhydrogalactose units, due to their half-ester sulfate moieties, it is strongly anionic polymers. In

different types of Carrageenan, only kappa and iota types are capable of forming thermo-

reversible gels. So we expect the incorporation of KC into PNIPAAm system could enhance the

gel strength greatly without decreasing its swelling ratio highly.

We also investigated the effect of KC1 solution, as a solvent, on KC and the blend gel of KC

/NIPAAm.

(1) Preparation of K C gel and the blend gel

A suitable quantity of KC and water were put into a sealed bottle and heated at 80°C for two hours

to obtain a homogeneous solution. Then it was poured into a tube and cooled at room temperature

to form KC gels. In KC gel, physical bonds were formed between KC molecule chains.

For the blend gel, the former two steps were the same as above, except that a gamma irradiation

was necessary after being cooled at room temperature to crosslink the NIPAAm molecules. In this

work, the dose of 20 kGy was chosen.

(2) Measurement of the gel strength

The hydrogels were cut into cylinders with an 18mm diameter and !2mm height. Gel strength was

measured by compressing the gel samples between two parallel palates with a certain weight (such

as lOOg), which equipment was homemade. The quantity of shrinkage of the gel sample could

show the gel strength at a certain degree. In Fig.2, the height of gel after compressed and the

original height were indicated by L and Lo separately.

(3) Effect of KCI solution as a solvent on KC gel
The same quantity of KC was dissolved in aqueous solution of KCI with diverse contents to

form different gels. The changes of swelling ratio and gel strength were shown in Fig. 1 and Fig.2

separately. From the figures, it concluded that the incorporation of KCI could enhance KC gel
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strength greatly without decreasing its swelling ratio when KCl is under a certain concentration.

concentration of KCl (M)
Fig.1 Effect of KCl on equilibrium degree of swelling of KC gel

0.03 0-05 0.08 0.10 0.13 0.15 0.16 0.20 0.23 0.2S 0.28 0.30 0.33

content of KCl (M)
Fig.2 Effect of KCl on KC gel strength

From Fig.2, we can see that the certain concentration was 0.05M.

(4) Effect of KC and KCl on PNIPAAm
gel

From Fig.3, It can be seen that the incorporation

of KC and KCl increases PNIPAAm gel strength

greatly when irradiated by y-rays of 20 kGy at

room temperature. To compare the blend gel,

the pure PNIPAAm was too soft to be taken out

from the tube.

concentration of KC (%)
Fig.3 Effect of KC on KC/NlPAAm blend gel strength

(5) The thermo-responsivity of the blend gel of KC /NIPAAm

5% KC, 5% NIPAAm and 2% (Wbis/WNIPAAm)Bis

were mixed together in a sealed bottle and were 25OO

irradiated by 20kGy at room temperature af ter-

heated at 80°C for 2 hours to form the blend gel. g> 2000

Fig.4 showed that equi l ibr ium degree of s

swelling increased with tempera ture until 30°C «j 1500

and decreased sharply when temperature was f
£ 1000

above 30°C. I

swelling temperature <° C)
Fig.4 Thermo-responsivity curve of KC/NIPAAm Wend gel
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A Pilot Plant for Flue Gas DeSO2 and DeNOx with Electron Beam Irradiation
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No.919-829, Mianyang, Sichuan, P.R. China 621900 ptl@iepe.com

For the purpose of a) developing the process, b) cutting down the engineering cost and running

expense, c) developing the technique and equipment on by-product collecting and 4) accumulating

experience for industrialized application, a pilot plant for flue gas desulphuration and denitration with

electron beam irradiation has been built at the thermal power station of Science City, Mianyang,

Sichuan, P.R. China, which is the first pilot plant made by Chinese.

The process that the pilot plant employ is presented in the following flow diagram. The pilot plant is

composite of a) flue gas conditioning system, b) electron beam irradiating and treating system, c)

ammonia injecting system, d) by-product collecting apparatus and e) monitoring and controlling

system, add up to five sub-systems.

J

Flow Diagram of the Pilot Plant Located at CAEP

The flue gas can be extracted from the main flue gas flow, up and down stream of the water dust

scrubber at the thermal power station. The temperature and moisture of the flue gas are conditioned

in the cooling tower. After that, the fiue gas flows into the process vessel and is irradiated, vaporous

ammonia is injected at the same time. When the flue gas passes through the by-product collector, an

electrostatic precipitator designed specially will collect by-products, which are ammonia sulfate and

nitrate. The clean flue gas will be discharged from chimney.

In order to meet the needs of investigation, the concentration of SO2 and NO in flue gas can be

adjusted by injecting pure SO2 and NO gas. The continuous monitoring instruments are installed up

stream of the cooling tower and down stream of the by-product collector, which are used to monitor

the components of flue gas, such as SO2, NO, O2, CO2, H2O and particulate. The pilot plant is

managed and controlled by the control system located at the central control room.

The designing technical parameters of the pilot plant are as follows.

Flow volume:

Particulaie carryover:

NO concentration:

SO2 concentration:

3,000-12,000Nm7h;

50mg/Nm3
:

200~800ppmv;

300~3000ppmv:

Process temperature: 60-100°C:

Ammonia carryover: <50ppmv;

NO removal: >70%:

SO2 removal: >90%:
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Process relative humidity: <100%<,

The first batch tests demonstrate that the main design targets of the pilot plant have been realized.
There is no ammonia sulfite has been discovered in the by-products with chemical analysis. The
by-product collector can run more than 600 hours, no unexpected shut down caused by by-products
attached on the electrodes of the electrostatic precipitator has occurred during the first batch tests.
That means the by-product collector, an electrostatic precipitator designed specially can meet the
needs of collecting the by-products produced in the flue gas desulphuration and denitration with
electron beam irradiation. The detail investigation is on the way now«

Note:* China Academy of Engineering Physics
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THEORETICAL STUDY ON DECOMPOSITION OF
CH2CI2 IN NITROGEN AND DRY AIR UNDER
INFLUENCE OF ELECTRON BEAM
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IRPCP, Academy of Sciences Republic of Belarus, Minsk-Sosny,
Belarus
A.G. Chmielewski, Z. Zimek, S. Bulka,
Institute of Nuclear Chemistry and Technology, Dorodna 16, 03
195 Warsaw, Poland

New experimental data were published in literature related to
decomposition of CH2CI2 [1]. In this paper the conclusion regarding
nitrogen atoms influence on CH2CI2 decomposition was form on the base
of efficiency of CH2CI2 decomposition process initiated by electron beam
and observed in air and nitrogen. The rate constant of reaction N + CH2CI2
was established before (k = 1,5 1CT12 cm3/molec.s. at 25°C) [2]. No
suggestion was made regarding the products of this chain reaction except
the statement that probability of NH" radicals formation is rather small and
the first stage of this reaction should be as follow:
N + CH2CI2 => HCN + H + 2C1 (1)

Recently published mechanism of nitrogen atoms reaction with
CHCI3 [3], which is also based on chain reaction, starts as follow:
N + CHCI3 => NCI + CHC1 (2)
N + NC1 =r>N2 + Cl (3)

The process of charge transfer from ions CC>2+ to CH2CI2 molecules
decomposition process may occur as it was published in literature [4]. The
same mechanism may be applied in the case of charge transfer from N2+

ions to CH2CI2 molecules. The ions CH^C^ may be formed and CH2CI2
decomposition process can follow reactions:

N2
+ + CH2C12 =̂> CH2C12

+ + N2 (4)
N2

+ + CH2C12 => CH2C1+ + Cl + N2 (5)
N2

+ + CH2CI2 => CHC12
+ + H + N2 (6)

The process of charge transfer from N2
+ ions in air may happen through O2

because of concentration O2 » CH2CI2. It also leads to CH2CI2
decomposition according to:
O2

+* + CH2CI2 => CH2C12
+ + O2 (7)

O2
+* + CH2CI2 ^> CH2C1+ + Cl + O2 (8)

O2
+* + CH2CI2 => CHC12

+ + H + O2 (9)
O2

+* + M ^ M + O2
+ (10)

Quantitative effect of such process depends on how many O2
+* ions will be

formed in charge transfer process from N2
+ ions on O2 molecules and how

many of such excited particles will be neutralized by gas molecules. Due to
concentration of (CH2CI2) « N2 + O2 those reactions importance is rather
small.

Theoretical modeling of CH2C12 decomposition process in nitrogen
and dry air under influence of electron beam was performed with following
assumptions:
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1. CH2CI2 decomposition initiated by nitrogen atoms starts from reaction

(1),
2. CH2CI2 decomposition initiated by nitrogen atoms starts from reactions
(11,12).
N + CH2CI2 => NCI + CH2C1 (11)
N + NC1 =>N2 + C1 (12)
3. CH2CI2 decomposition in nitrogen occurs according to reactions (4-6)
and (11-12).
4. CH2CI2 decomposition in dry air occurs according to reactions (11-12).

Calculations were done for experimental conditions described in
literature: T = 25°C, p = 1 at, D = 1-100 J/l. The results of calculations
proved that theoretical model of CH2CI2 decomposition in nitrogen and dry
air initiated by electron beam describes well the experimental data. It can
be also stated that the first stage of chain reaction N + CH2CI2 => product
is connected probably to reaction N + CH2C12 => NCI + CH2C1.
CH2CI2 decomposition in nitrogen may be also related with N2

+ ions
reactions (4-6).
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CHARGE TRAPPING IN GAMMA IRRADIATED POLYETHYLENE

D.KOSTOSKI, E. SULJOVRUJIC AND B.BABIC-STOJIC
Vinca Institute of Nuclear Sciences, PO Box 522, 11001 Belgrade,

Yugoslavia

The presence of carriers in traps of gamma irradiated low-density polyethylene (LDPE)
and high-density polyethylene (HDPE) have been studied using electron spin
resonance (ESR), thermally stimulated conductivity (TSC), dielectric relaxation methods
and gel measurements. The polymers used in these studies were LDPE HIPTEN
(Mw=110000 and d=0.922 gem"3) and HDPE HIPLEKS (Mw=76 700 and d=0.96 gem3).
The samples were irradiated in a 60Co radiation facility, in two different ambient in air
and into water at room temperature. The irradiation was performed at a dose rate of 8
kGyh"1 to the absorbed doses up to 850 kGy. By gel measurements for both types of
polyethylene were found a large differences in gel content of the samples irradiated in
air and into water (Figure 1).

100-1

100

-p- -8- - •
A

V "

O

, V

o o o
— O - LDPE-irradiated in water
— O - LDPE-irradiated in air

A HDPE-irradiated in water
—V~ HDPE-irradiated in air

200 300 400 500 600
Absorbed dose [kGy]
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Figure 1. Gel content versus absorbed dose in LDPE irradiated in water (D) and in air
(O), and in HDPE irradiated in water (A) and in air (V).

These differences were related with the results of ESR measurements at room
temperature after aging at room temperature for 36 hours, 15 days and 90 days.
Much small gel content in the samples irradiated in air was attributed to the radiation
induced oxidative degradation.
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Figure 2. Dielectric loss tangent versus temperature for unirradiated LDPE sample (o),
irradiated in water (A) and irradiated in air (D).

The influence of irradiation in two different ambient (water and air) on the p-relaxation
and y-relaxation of LDPE is shown in Figure 2. Evidently the both peaks are much
higher for the sample irradiated in air. The increasing number of polar groups resulting
from radiation induced oxidation. These polar groups are considered to be tracer
groups whose motion reflects the motion of the polymer chains. Radiation induced
changes occur in the amorphous phase and on the lamella surfaces (2). Because of
that the results of relaxation measurements were related with the results of TSC
measurements. Namely, presence of electronic traps in irradiated samples can be
assigned to the structural defects in the amorphous phase and on the lamella surfaces.
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For the purpose of resltmation of swags, a pilot piaat test with systems of smd

filter, iiradiatioa sad ion fKehtng^r was sanied out Ck>-60 with 100,OOOCi

irradktioa soufca, The schsmetio diagram of pilot plant k fottowiag as Fig.1.

Fig. 1 Th« irradlaticm

Fig.2 The view of pilot plaat Fig.3 The vi®w of irradSaftkm vosadi pkoed
inside of C©-60 irradiation hall
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The purposes of application of irradiation on tho pilot test were disinfection,

decoloration and reduction of organic compounds. Various kind of cations, such u Mg*\

CsT, Fe'and Cu~, will be removed by ion exchanger. The irradiation dose changed

from O.S kGy to 5 kGy using the control of flow rate into the irradiation vessel which

was manufactured with stainless steel Dimension for irradiation vessel filled with

HO, is 80 cm in height, 100 om in width and 10 cm in thickness, respectively. The

operating conditions and experimental result! for pilot plant test are following as tablet.

The BOD and COD, indicators showing the degree of contamination by organic

compounds, were reduced to less than 5 ppm. The color was decreased to 5 ADNfl.

Total colonies were almost decreased to less than 50 CFU/ml and H could be protected

from regrowth of bacteria.

From the pilot plant test we could get the qualified water which is enough to be used

for the industrial process water.

Table 1 Operating conditions and experimental results for pilot plant test
Characteristics of
influent
-BOD: 16-20 ppm
-COD: 17-28 ppm
-Color: 18-

24ADMI
-Total colonies:

4,700(CFU/ml)
-T-N: 15.4 ppm
-T-P :3.8 ppm

Treating
capacity

l m /nr

Irradiation
dose

Catalyst

TiQa

Amount of
Ozone

1-2
mg/min

Characteristics of
effluent
-BOD:<5 ppm
-COD:5< ppm
-Color<5 ADM1
-Total colonies:

<50(CFU/ml)
-T-N :<5ppsn
-T-P :<2ppm
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Shanghai 201600, China

As mddlcal technology became more advanced, various polymer materials are
used (or medical uses or materials 3uch ad artificial Internal organs, e.g., heart, lung,
blood vesselW, Wdney, and knee or hip joint And also they are used for catheter,
blood bag, disposable syringe, and blood or protein storage applications, etc.
However, the antlihrombogenicity of polymer materials needs to be improved for
greater bJomedlcal application although ft was improved than before. There have
been various efforts for minimizing or eliminating thrombogenlclty. To design
nonthrombogenlc polymers, there are many approaches, as follows*' (1) grafting of
hydropNIIc groups to bulk polymer or polymer surface prevents platelet adhesion by
giving nonthromogenicity to the polymer, (2) platelet adhesion and. morphologic
change of the adhered platelets are suppressed by mtcrophase-asparated structures
of polymers such as 2-nydroxyethyl methacrylate/styrene block copolymer, and (3)
pharmaceutical reagents such as urokinasa or heparin are immobilized to the
potymer[2]. The former reagent decomposes fibrin to dissolve the thrombus. The
latter prevents activation of coagulation factors and platelets to give thrambogenictty
to the pofymer. The use of graft copolymers as nonthrombogenlc material Is very
practical, because it is not difficult to modify a conventional polymer In such a way
that the trunk of the graft oopolymer provides mechanical support and the skte
chains provide nonthrombogenldty.

Among the synthetic polymers, poiypropyiene(PP) has superior chemical and
electrical properties es well as physical properties such as tensile strength, hardness,
impact strength, Btc. Therefore PP is widely used as fiber, rough, household goods,
and packing film. And also, recency, pp is applied for medical uses such as
disposable syringe and o>cyoenator because of excellent transparency and processing
a3 well as nontoxlctty. Particularly surface of comptex oxygenator circuits has mads
It possible to maintain extracorporsal circulation In patients for extended periods of
time with little, if any, requirement for antteoagulatlon.

Grafting was known to be an useful means for the functtonafeatlon of polymeric
substrate because the technique has the merits as follows ; (1) the monomer having
a desired function is directly grafted on the substrate and (2) the monomer with a
reactive group Is first grafted, and the resultant reactive group is used as a reactive
site (or further functtonallzatton. it i3 conceivable that the latter method is useful from
the viewpoint of Introducing wide varieties of function Into polymeric materials.

In these experiments, to endow btood-compattbte properties onto
poiypropylene(PP) film, 2,3-epoxypropyl metnacryiata(EPMA) was grafted to PP film
by using prelrradlatlon grafting technique, and then various functional groups were
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Introduced onto tho grafted PP film. The EPMA grafting extent was found to be
dependent on the absorbed dose, reaction lima and temperature. The reactions of
hydroxyiation. kntnodlacatafon, sulfonation, phosphonatfon, and amlnatton were
performed at various conditions to Introduce functional groups Into epoxy group of
EPMA-grafted PP films, respectively. Heparin was also immobilized on aminated PP
film In order to compare blood compatibility with various functtonallzed samples. The
grafting, functtonallzaOon, and heparinlzatlon reaction were confirmed by Fourier
transform Infrared spaetroaoopyfFTin) In the attenuated total reflectance mode(ATR)
and electron spectroscopy for chemical enalyste(ESCA). The blood compatibility of
various functional groups and hepanrv-imroduced sampiss as well as control Samples
was examined by the determination of platelet adsorption and thrombus formation.

For the examination of blood compatibility of functtonalized PP samples, acid
citrate dextrose(ACO) human whole blood and platelet rich piasma(PRP) were used.
The amount of the formed thrombus and the adherent platelet on functtonafized PP
sample surfaces were evaluated by an In vitro method following Imai and Nose
technique and by scanning electron mlcroscopfl(SEM), respectively- The blood
compatibility of varlou* functional group-introduced PP films after grafting was better
than that of PP control. Espedaty, phosphoric acid group and heparin introduced-PP
films were found to have a good blood compatlbBlty(Rg 1).

•,100

I
I

DlKinnt Sunpl"

Figure 1. Differences of surface properties of (a) PP control and PP samples
Introduced (b) hydroxyi, (c) Iminodiacetlc acid, (d) sulfonlc acid, (e) phosphoric add
groups and (f) heparin after grafting. Degree of grafting was 7%. Blank : contact
angle. Filled : thrombus formed.
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Abstract
The degradation of organic pollutant existing in dumacitic wastewater

of Damascus has been investigated. The variation of TOC value as
function of radiation dose has been determined. The results shown that
the TOC value increases in summer season. Some of pesticides have been
shown in wastewater, these pesticides need 2.5 kGy to be degraded.

Introduction
In the last years the irradiation treatment of the wastewater has been a

new alternative to face the pollution problems caused by the disposal of
the wastes to rivers and grounds. This treatment is enhanced by the action
of ionizing radiation and its roll in the intensification of the oxidation of
mineral and organic impurities with resulting effect like: water
disinfecting, deodoration and decoloration, chemical decomposition of
substance such phenols, cyanides, surface active substances and other
slowly oxidizing compounds.

The present paper is a brief review of our results concerning the effect
of Gamma radiation of domestic wastewater.

Experimental
Samples were collected from Damascus sewage wastewater plant three

times a day. These samples were filtrated. A survey of the effect of
Gamma radiation on domestic wastewater was carried out using gamma
cell "Issledovatel - 10 kCi" with dose rate 3.5 kGy/h . The samples were
analyzed before the irradiation to determine the organic pollutants using
HPLC and GC techniques. The samples were irradiated at 20 °C with
doses ranging from 0.1 to 6 kGy.

Results and Discussion
Wastewater samples contain normally about 30 mg/L COD (Chemical

Oxygen Demand) and 15 mg/L BOD5 (Biological Oxygen Demand).
Figure 1 shows the variation of TOC as a function of months. It is

found that the high value shown in hot time of year. This remark should
be due to the using of much quantity of pesticides for protecting the food.
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Figure 2 shows the effect of irradiation for the samples having the high
value of TOC (about 1000 ppm) as a function of doses. It is clear that this
value need high dose to be degraded. It shown that with low dose the
value of TOC increased and then started to be decreased. The increases of
TOC may be due to the radiation reactions in aqueous phase.

Figure 3 shows the degradation of pesticides (DDT, DDE)
chromatograms as a function of dose. It is found that this kind of organic
pollutant need low dose to be degraded.

Fig.1 variation of TOC
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The Study of Radiation Treatment of Industrial Wastewater in Thailand.
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The study on effect of gamma radiation on color of treated wastewater was

conducted on four groups of factories as follows : textile factory , paper factory ,

tanning factory , and a slaughter-house. Samples of wastewater were collected from

each factory and irradiated with gamma rays to determine the characteristically changes

of water such as pH , absorbance , turbidity , color and COD. The effect of radiation

on color of treated wastewater was also studied to determine the suitable radiation

levels which can diminish the color to meet acceptable level. Color of wastewater from

textile factories decreased sharply at 1-3 kilograys and faded at 1-5 kilograys radiation.

Increasing radiation to the highest level (10 kilograys) the color faded gradually until

almost colorless. Color of wastewater from paper factories decreased to a greater

degree at 1-2 kilograys but not decreased at higher radiation levels. It was observed

that the radiation could not completely fade the color , but it can decreased to a

satisfactory level. Color of wastewater from tanning factories reflected higher degree of

decreasing at 3 kilograys radiation level. At this level the treated wastewater was

almost colorless , however , it remained turbid with some sediments. The color of

wastewater from a slaughter-house decreased tremendously at 1-2 kilograys but it

could not decrease at higher radiation level (10 kilograys) , and sediments were also

observed. These results may be concluded that the treatment of wastewater by gamma

radiation can reduce the water color to a satisfactory level [1].
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' The 2,4-dichlorophenoxyacetic acid (2,4-D) is one of the most Avideiyused
herbicides Due to quite high solubility in water it is relatively easily transferred into
Natural waters after its application. A conventional biodegradation treatment is not suitable
for waste waters containing 2,4-D as this compound together with products of" its
environmental degradation may destroy the biological parts of sewage treatment plants.
Wb.en applying photocatalytic treatment to 2,4-D polluted waters the buildup; of high
concentration of the long living intermediate 2,4-dichloropheno is observed.
The more efficient alternative for theses processes seems to be the decomposition
of 2,4-D"using ionizing radiation.; Such a study with the use of gamma irradiation and
electron beam were carried out by our group for chlorophehols [1] with special emphasis
to 2,4-dichlorophenol [2], which is one of the main metabolites of 2,4-D in various
organisms and environment. , . - : . ; • • .

Samples of aqueous 50 p.p.m. solution of 2,4-D have been irradiated in *°Co gamma
source The irradiated solutions were analyzed using reversed-phase HPLC arid high :
performance ion-chromatography with conductivity detection. The products of irradiation
prior to HPLC determination were preconcentrated using solid-phase extraction on SPE
columns with non-polar sorbent LiChrolutOEN from Merck. Irradiation was carried out in
solution of different pH without and with addition of various levels of nitrate and carbonate as
potential scavengers of free radicals formed during radiolysis of water; The studies were
carried out in static conditions by irradiation of aerated solutions in coriicaVgiass flasks using
dosesjr-om 0 5 to 20 kGy. w : I -

The chrbmatographic determinations provided information about efficiency of
radiolytic degradation of 2,4-D in used experimental conditions, as well as information about
main organic and inorganic products of irradiation. The effect of pH o irradiated solutions, a
dose of radiation and the presence of scavengers on toxicity of irradiated 2,4-iD solutions were
also ,examined : :• . ; : ^
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A superabsorbent poly(acrylamide)-montmorillonite composite (SAPC) material was
prepared by Y -ray and UV light induced polymerization. The SAPC has excellent water
absorption capacity; up to a thousand grams of water can be absorbed per gram SAPC.
Previously, we have studied selected material properties of SAPC hydrogels [1-3]. In this
contribution, the absorption of chemicals such as water vapour, dioxane, chloroform, acetone,
and ethanol by superabsorbent polymer clay composite (SAPC) hydrogels using
thermophysical methods will be discussed.

Materials used for the preparation of SAPC were acrylamide (GC grade), acrylic acid
(GC grade), sodium vinylsulfonate salt (CP grade, 30% aqueous solution), sodium
styrenesulfonate salt (GC grade), N, N-methylene bisacrylamide, and potassium persulfate
(98%), all from Fluka Chemie AG, Switzerland, as well as sodium hydroxide (AR grade,
Merck KG, Germany) and bentonite (Sued-Chemie AG, Germany). The SAPC bulk was
prepared using Y-ray (60Co facility, lxlO15Bq) and the membrane was prepared using UV
light (Solimed, TA150 UV lamp with an output power of 140 W). The irradiation time
differed slightly from sample to sample depending on the composition of the samples.

The structure of the SAPC was characterized by Fourier-transform infrared
spectrometry (FTIR), nuclear magnetic resonance spectroscopy (NMR, 29Si, 27Al and i3C)
and X-ray diffraction (XRD).

Acetone Chloroform Ethanol Water

Fig. 1 Absorption of various vapors in a SAPC (polyacrylamide/sodium vinyl-
sulfonate) membrane. The membrane was coated on the surface of the cell of a thermal
gravimeter. The measurement time was 1000 min, mass of sample was 13.38 mg.
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Figure 1 shows the thermodynamics absorption of various chemicals by SAPC
samples. Based on the experimental results described above and from the point of practical
application, membrane-type SAPCs were used for further experiments. To obtain satisfactory
control over the required properties, a method was developed to reliably control the thickness
and size of the membranes. Series of membranes with reproducible properties were cast with
thickness between several and 400 micrometers. A prototype moisture sensor was constructed
by integrating an SAPC membrane with a thermotransducer. The SAPC membrane was
coated on the surface of a silicone transducer. The schematics of the measurement process
and the chip structure of the sensor are shown in Figure 2 [4]. Measurements of the dynamic
absorption of chemical vapours were performed using synthetic air.

Aualyte

Sensor

'. Signal SAPC membrane

Fig. 2 Schematics of the measurement process (left) and the layout of the silicon
transducer chip (right).

Dynamic vapour absorption measurements confirmed that the SAPC material has a
sufficiently good absorption capacity.
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Study on decolonization of dye in Water by Pulse radiolysis
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The treatment of polluted water by radiation technique will be widely

used in industrial wastewater, especially in decolorization of non-easy

degi-adation dye during irradiation. Rhodamine B (RDM) was selected as

typical dye and investigated by pulse radiolysis. The machanism of

decolorization of RDM was studied and the reaction rate was measured.

The experimental were carried in three different conditions:

1). In N2O saturated solution: When aqueous solutions are irradiated, the

energy of the ionizing radiation is absorbed by the solvent water thereby

leading to the formation of Oil radicals and hydratcd electrons [reaction

1]. The hyclrated electrons may be converted with N2O into further

hydroxyl radicals [reaction 2]. RDM is mainly oxidized by hydroxyi

radicals.

N 2 O + eaq" +11+ —>- -011 1 N, (2 )

•OH + RDM —*- instantaneous product (3)

2). In t-BuOI 1 and N2 symtera: Hydroxyl radical will be converted with t-

BuOH into H2() ar\d RDM is mainly deoxidized by hydrated electrons.
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•Oll + t-BuOH—*• BuO-+H2O

eaq + RDM —>- instantaneous product

3). In atmosphere condition: The hydrated electron may be combined

with O2 to form O2" and negative oxygen radical can react with RDM by

electron transfer.

eaq f O2 *- O2 -"

•on i t-Buon—*- RuO- 1 n2o

O2' + RF3M —** instantaneous product

In each condition, pulse radiolysis spectrum was determined at

300~600nm. The spectrum characterized with adsorption maximal was

obtained at 420nm and the background bleach effect of RDM was

observed at 520~540nm. In N2O and BuOTI-N2 system, the rate of

adsorbance build-up kobs was determined to be 5.5x10v L/mol- S and

5.2xlO9 L/mol-S respectively.
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Application of Irradiation in Treatment of Industrial Wastewater
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The treatment of industrial wastewater is one aspect of
environmental protection. However, the special role of radiation
technique in the wastewater treatment has not been brought into
application practically in China,

In the present study, the grafting copolymer of starch and
acrylamide was prepared by o0Co y pre-irradiation. The quantitative and
qualitative analyses were carried out. Major factors affecting tho graft
corpolymerization yield such as absorbed dose, temperature, additives
and standing time after pre-irradiation were investigated. The
experiment results showed that a higher grafting yield product can be
obtained when die absorbed dose was selected at lOkGy and the grafting
reaction temperature was controlled at 25-30 °C. The grafting reaction
must be taken place within 10 minutes after the irradiation because of
the starch radicals decay.

A canonic natural polymer flocculant. was prepared with the
grafting copolymer. The flocculant was purified and identified by IR
spectroscopy (Figure 1). It is clear from the Figure that a new peak at
about 1550cm"' showed the grafting copolymer was modified.

TO

70 -

50 -

2S00 2400 2000 1600 1200

Vk'iivcnunibtil-3 {cil'i ')
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Fig. 1 IR spectra of the grafting copolymer of
starch and acrylamide and the cationic product,
a: grafting copolymer of starch and aerylarmid
IK cationic product
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The flocculant was used to treat the wood papermaking
wastewater combining with y irradiation (combined method). The
optimum choices of the amount of the flocculant and the absorbed dose
were studied. The effect of the flocculation was evaluated by COD,
BOD and transparency analysis. The preliminary comparison of the
wood papermaking wastewater treated by the combined, flocculation
deposition and the direct irradiation methods showed the first technique
could more effectively lower COD.

Keywords: wastewater treatment starch acrylamide pre-
irradiation grafting cationic flocculant
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DOSIMETRY AND IRRADIATION TECHNIQUE
OF POLYETHYLENE FILM

An electron accelerator ( 2 MeV/ 400 Wat) is used as the radiation source. The main
part of the product handling system is a rotating drum with diameter 19 cm and length 50 cm.
On the drum it is rolled the polyethylene ( PE ) film, 20 cm wide and 0.022 g / cm2 thick.

The drum with the rolled PE film is put under the scanner of the electron beam.
During the irradiation the PE film is unwrapped from the drum and moves under the scanner
with a constant linear speed V. The V value generally depends on value of absorbed dose D;,
electron beam per unit of length ( linear density of electron beam ) Iz along the scanning
direction, electron beam energy T and dimensions of the PE film.

The dose absorbed from the layer "i" of the rolled PE film will be given from the
formula :

where : i = 1,2,3, N and 1 = 1,2,3, n
N - the total number of the layers in the rolled PE film,
n - the number of the layers that are included in the electron range.
D|| - the dose absorbed from the layer "i" during its successive passing in different

positions "1".

Based in [1], [2] the absorbed dose Di is :

In the equation (1) the quantity Do is given by the formula :

(77 e ) /

^° (pAx)F

where : T - the electron energy in MeV.
e - the charge of electron.
Iz - the linear density of the electron beam in |_iA/cm, measured by two aluminium

collectors with dimensions 5 x 5 x 250 mm, placed at the extremities of the
rolled PE film.

pAx - the thickness of the PE layer in g / cm2.
V - the moving speed of PE layer under the scanner in cm / s.

k(z) is a corrective coefficient which take into consideration the nonuniform
distribution of the linear electron density along the widness of the rolled PE film.

The dose uniformity along the width of the rolled PE film, determined as the ratio
kmin(z)/kmax(z)was88%.
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f ( i ) is another corrective coefficient that indicate the influence of the layer's position
"i" in the absorbed dose D, .The ratio f (n ) / f ( N ), for i > n and length of the PE film L =
100 m, was 96%.

The total dose uniformity in the rolled PE film, determined as the ratio of minimal and
maximal value of absorbed dose was 81 %.
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ELV-type accelerators are successfully used in nearly all fields of the radiation chemistry. At present,
however, the market of conventional applications of accelerators is rather saturated, that forces
manufacturers to the search for new and pioneering technologies. Among the new fields of applications
intensively developed at BINP jointly with other organizations one can separate two fields as the treatment
of industrial wastes and some applied aspects of the intense focused electron beam extracted into air.

A great number of methods used in purifying waste waters from Cr6+ and other heavy metals are
presently known. However all the methods are either energy- intensive or have an essential disadvantage,
namely, the reagents used produce the secondary contamination of the treated wastes and sediments.

We are developed another purifying method. Under the action of an electron beam in the presence of
some reagents added in stoichiometrical proportion to the treated substances the restoration of Cr6+ and the
sedimentation of other heavy metals from solutions is occurred. By varying the absorbed dose one can
decrease the concentration in water of nearly all metal ions down to UAC (ultimately admissible
concentration) or produce their total sedimentation, which is the unique result. In addition to the deep
purification, such a method has one more and very important advantage compared to the chemical methods,
namely, under the action of an electron beam the highly concentrated sediments of metals are produced,
which are suitable for their further utilization whereas with other methods of cleaning , the sediments
require the burial or additional treatment.

Preliminary estimates of the method for purifying waste eaters from heavy mêlais with the use of an
electron beam have shown the developed method is of the same order of cost as the reagent and
electrochemical methods. There are some prerequisites of the substantial reduction of the purification cost at
the expense of the optimization of the irradiation process and the preliminary chemical treatment.

In addition to the conventional fields of application of ELV-accelerators as generators of the ionizing
radiation, and intense electron beam extracted into air through the hole of small diameter is of interest as a
powerful, easily controlled, and noncontaminating high temperature source of the volumetric energy input.
Such as highly efficient oul-of-vacuum processes of steel surface hardening and processes of powder
surfacing modified coatings (including carbides) at the plain surfaces of the ferrous and non-ferrous metals
and their alloys can be implemented due to high energy of an electron beam.

Under the action of the beam of accelerated electrons with high power density to the hard-phase
inorganic systems, high-temperature transformations occur there much more intensively than those at
thermal actions. In all the processes of radiation-thermal synthesis, the effective temperature decreases by
100-300°K. Due to high power density of an electron beam, the synthesis of some materials becomes
feasible, that is impossible under other conditions. So, the one-stage synthesis of materials can be realized.
Because of substantial reduction of the synthesis time (as a rule, by several orders of magnitude) of high
gradients the stoichiometry of the reaction mixture can nearly completely be conserved. For example, the
synthesis of chromâtes of rare-earth elements as well as molibdates and wolframates of lead are only possible
due to the radiation-thermal treatment.

Because of high density of the electron beam power the liquid-phase synthesis of the oxide and
complex-oxide compounds is technically quite easily realized also. For obtaining of melted materials, the
following methods are used: the melting in high-temperature water cooled crucible, conveyor melting, and
melting with the drainage of the melted mass. For each method, depending on melting temperature (1600-
3000°C) and properties of materials, the efficiency achieves tens and higher kg/h at a beam power of up to
100 kW. With the melting by an electron beam with drainage, the following ways of collecting the final
product are developed, the drainage of melted mass into a monolith block; drainage into water (for obtaining
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granulated product); drainage onto high-speed rotated knurled disk (for obtaining powder materials). The
use of various cooling systems enables also the regulation of the material microstructure ranging from
polycrystalline to amorphous. Materials obtained with this method are high quality products for producing
construction, electric technical, and special ceramics, abrasive materials and special glasses.

On the base of re-melting by a powerful focused beam of the charge of the cheep superconcentrate of
the natural magnetite and the wastes of the traditional catalytic production the wasteless method of obtaining
catalyst of the ammonia synthesis was developed. The activity of the final product, which consists of 1.5-4
mm granules, is on the level of the world best samples.

At present time, the main technologies principles of obtaining process the super fine powder oxides,
such as SiO;, A1;O3, MgO, TiO, ZrO: using powerful concentrated electron beam are developed. These
products are variable raw material for ceramics, catalysts, pigments, various medicine bearer production.
Super fine powder obtaining is possible by direct evaporation from melt, as well as by metal-organic
combination destruction under the electron beam action. Obtained powder sizes can be regulated from 10 up
to 100 run. As a rule, the direct evaporation products have amorphous microstrucrure. Process productivity
reaches 3-15 kg/h and depend on material type as well as required powder sizes.

Also, due to high specific power the concentrated electron beam can be carried out the high
temperature synthesis as well as the destruction of various matters in a gas phase conditions. One of the
main positive factors is the sterility of electron beam. It is attractive deriving of especially pure materials.

It is the newest area of the electron beam applications. The main technologies principles of a
conversion of SiCL) to S1HCI3 there are worked out. Also, the direct polymerization of gas with the pressure
of about one atmosphere and over is realizable with the use of this method.
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The ELU electron accelerators are pulse linear high frequency machines purposed for wide
application in various technological processes and so they are designed for long continuous and
round-the-clock operation in usual industrial conditions. All ELU machines are simple in their
design, have a high reliability and maintenance ability, are easily serviced and simply controlled.

The food products processing requires compact and relatively cheap accelerator because this
developing market will require great amount of reliable and rather simple machines having electron
energy of 5 or 10 MeV and beam power 50 kW or more. We suppose that new ILU machines will
meet these requirements.

We have designed and started the production of ILU-10 accelerators. This accelerator has 2
HF generators (unless the preceding model ILU-6) and so the beam power of 50 kW at energy of
5 MeV is reached. The tantalum target is used while working in X-ray mode. The production rate
of installation in this mode of work is no less 4 tons/hour with standard pasteurization dose 1 kGy.

Existing industrial triodes used for generators of ELU accelerators restrict the maximum beam
power of accelerator by value of 50-60 kW.

Experience of development and maintenance of ELU accelerators has shown, that the single
resonator systems with one accelerating gap can be effectively used for industrial accelerators with
energies up to 5 MeV and beam power up to 50 - 60 kW. The increase in electron energies more
than 5 MeV evidently requires the use of systems with some accelerating gaps connected in series.

ELU-11 was initially designed as a basic module for the following development of new
machines with greater energies. The designed energy of ELU-11 is 5 MeV, and there is a concept
of next machine consisting of two such modules connected in series, and we hope to have energy
of up to 10 MeV for this machine with beam power up to 100 kW.

The accelerating system of ELU-11 was designed on the base of resonator and HF generator
of ELU-8 accelerator. Pulse power supply and control system, standard for all ELU accelerators,
are used for this model also. The ELU-11 model is relatively simple in its production and
adjustment.

The main design parameters of the ELU-11 machine are:
1. Energy range - 3 - 5 MeV;
2. Average beam power - up to 50 kW;
3. Average current - up to 20 mA.
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Figure 1. ELU-11 accelerator.
1 - resonator, 2 - vacuum tank, 3 - coaxial coupling line,
4 - supporting insulators, 5 - electron gun, 6 - focusing lens.

The construction of accelerating system of HXJ-11 is shown in Fig. 1. Accelerating section,
consisting of two coupled toroidal resonators (1), is placed inside vacuum tank (2). Tuning of both
resonators to equal frequency is done by changing the length of the electrode ends and by
movement of inner insulated halves of the resonators along the axis of accelerator. Coupling of the
resonators is done via coaxial line (3) of length of 7J2. Inner halves of resonators are connected
together and installed on supporting insulators (4). Constant bias voltage of 5 - 7 kV is applied to
the halves through special high voltage input. High voltage input and insulators are placed in spot
of minimum HF electric field in the lower end of coaxial coupling line.

Electron injector (5) consists of a grid made in the upper electrode (protruding into first
resonator) and a cathode unit installed at an insulator in this electrode. Value of beam current is
controlled by controlling bias voltage between grounded grid and cathode. The beam is shaped by
focusing lens (6).

The accelerating system is fed by powerful external FIF self-excited generator through
inductive coupling loop. Input signal for the generator is taken from the resonator through
feedback coupling loop and coaxial coupling line.

The ELU-10 and ILU-11 open the wide possibilities for irradiation of food products, disposal
medical goods, etc., because these machines are reliable and relatively simple and not expensive.
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Quality Evaluation of the Traditional Chinese Medicine

Sterilized or Decontaminated by *ftCo Y -Rays (summary)

Wang Guorong Shi Shaugnici Wang baoqin

National Institute for the Control of Pharmaceutical and Biological Products

Temple of Heaven Beijing 100050

Since Traditional Chinese Medicine (TCM) is a precicus treasure of our country, its quality

specification and sanitary specification arc improved continuously following the development of

the modern science, that results the publishing of Sanitary Specification of TCM in the end of

1970s. And from that, the quality of TCM is improved greatly due to the introduction of GMP.

In some foreign countries, radiation method had been used widely in the process of sterilization of

food and medical products. In our country, the specification for radiation sterilization of some

foods, such as garlic, have been approved by the government. TCMs. contain different ingredients

and curative effects, are very different from foods, so we deal with the radiation method for the

sterilization of them cautiously. Since TCMs are natural products, it is difficult to avoid being

contaminated by bacteria and molds, and also difficult to guarantee the sanity of them. For some

TCMs, especially the ones that affected easily by the molds, can not be decontaminated by

washing, or other general routines, such as dry heat or steam methods, that due to their various

kinds and complicated origins The heating method is especially unsuitable for the TCMs which

contain evanescent components and heating unsteadiness ones.

The ^Co Y ~ray is a high penetrating strength one, but not residual in substances. And die

radiation process of sterilisation by "{-ray of 60Co is a cold sterilization method, which is a

good one for the decontamination of TCMs. Through the investigation of more than one hundred

kinds of TCMs, Patent Chinese Medicines and several kinds of chemical monomers, we confirm

the results of the irradiation sterilization or decontamination of different doses (3, 5, 10, 20 kGy)

by using the chemical, pharmacological and toxicological research methods. Most of the studied

drugs have no significant change, but someone such as Gentiopicrin in Large-leaf Gentian Root

(Radix Gcntianae Macrophyllae) changed obviously under 5 kGy, and then we further study its

products of radiation decomposition. Sonic chemical monomers have no significant change, but

when they were investigated as some ingredients of some TCMs, they changed greatly. TKe reason

is that water in those TCMs plays an. important role in the radiation decomposition of the studied

chemical ingredients. The liquid dregs, except Royal Jelly, are not suitable for the radiation

sterilization.

Besides the above research work, we study the effect of irradiation on those TCMs from the items

of the amount of bacteria and free radicals affection, investigate the suitable :-»orage lives ol the
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irradiated drugs, and niake research work for choosing the best irradiation doses All these work

are made to guarantee the irradiated drugs to reach the requirement of the sanitary" specification of

the 2000 edition of Chinese Pharmacopoeia, and meanwhile. The radiation doses are as low as

possible. The later is to reduce the effect of radiation on the active ingredients and curative effect.

According to our research work arid diffeient dosage form of the drugs, we propose that different

dosage form use different radiation doses, such as 5 kGy for Pill, 3 kGy for Capsule and Powder.

Now we are attending the project "the use of radiation processing for sterilization or

decontamination of pharmaceutical^ and pharmaceutical raw materials" of IAEA
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RADIATION STERTL1ZITION OF VINEGAR WASTE

FOR CULTIVATION OF LENT1NULA EDODFS

OJI DEFANG, DING QISHENG, ZHANG FUYUAN

Shanxi Agricultural University, Taigu, Shanxi 030SOI, P.R_Chinfi.

Shanxi is named as "native place of edible vinegar" in Chirm. The vinegar

waste amounts annually to a few million tons put aside as useless, which both

causes pollution of the evironment and is enormous resources losses. Although some

trials were conducted on the waste material to be used to cultivate edible fijngj, little

specific knowledge is available on the the effect of radiation sterilization of the

substrate on cultivating Lentinuta ecbdes, on the development and maturation of the

mycelium, on the fruiting body yield and on the extracellular enzyme activity at

different growth phases. The present study aims to throw some light on this

question.

For the trials we used a mixture comprising 50% by weight vinegar waste,

30% sawdust, 15% wheat bran ,2% CaCO*, 1% both gypsum and KH2PO4.The

moisture content of the mixture was adjusted to 60%. The substrate was put into

cultivation bags(17 x 45cm) after mixed thoroughly. The doses of radiation

trentments are 4, Z, I2and 16 KGyT with the bags pasteurized by high pressure steam

as CK. The strain we used was 7402 obtained from the culture collection of the

Biology Department, Shanxi University of China. During the incubation and

maturation phase the temperature in the substrate was 26 to 28 °C.

The results showed that the treatments of radiation sterilization can promote

the mushroom growth, increase the mushroom yield and improve the fruit-body

quatity(table l and 2).The appropriate doses are between 8-l2KGY,with which the

mixture culture was sterilized very efficiency. The substrate radiated with the dose

of 12KGy started to turn brown in 46 days, about 10 days earlier than CK.; the

average gross yield was 357.6g which corresponds to a biological efficeocy(BE) of

89.4%, increasing by 13.7% over CK; the amounts of various nutritive compositions

in the fruit bodies were higher than these of CK in different levels.
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Table 1. The mycelial growth and fruit body yields of I, Edodes withi different doses

U-valuc(KCjY) 4 _ 8 12 16 ._CK____.

Maturation phase of

myceliuin(days) 52 48 44 46 56

Cukivatoin bags

weU-grown(%) 59.3 98.7 99.2 96.7 98.2

Biological efficency

ij^L „ _ 478 85.9 89.4 83.^ J8.6

Table 2, The nutritive compositioocontents of fruitbodies _____„______„

Protein Fat Total Celluiose Ash
(KCy) (%) (%) saccharide (%) (%)

12 13.1 4.9 36.8 10.2 5.2

CX __ J 6_6 4_2 __3JL-7 „ „ 9 A _4 I

Efficient -substrate conomsation and utilization of vinegar waste used for the

commercial cultivation of Leulinula edodes, depends on the capacity of the fungus

to produce the extracellular eiuymens required to degrade the major components of

hgnoceilulosc, i.e. cellulose, hemicellulose and ligmn. Time courses for CMCase

production by L Eckxies^ 7402, grown in cuitrues were determined. Low levels of

CMCase were observed during growth of the mycelium It started to increase when

fruit bodies were forming, its maximum levels emerged with their mature for

harvest. The peak value of CMCase in the culture of the radiation treatment with

l2KGy was 68.4u, 13.3% higher compared to the level recorded in the culture of

CK Therefore, although the precise reason of the enzyme activity affected by

radiation sterilization of the cultural materials is still unclear, these data suggest a

helpful role in the dcpolvmerisation process.
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KADIOSTFRILIZAT1ON TECHNOLOGY OP

TRADIT1ONAI. CHINESIi MEDICINH POWDER

CUI DBFANG
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CAO SUFANG
Shanxi Pharmaceutical Research Institute, Taiyuan, Shanxi 030006, P. R. China

1 he effects of i -irradiation on lnaelnaliou of bacteria in traditional

Chinese medicine.Dashancha ,and on its pharmaceutical composition contents have

been studied. Fur the study of reduction of bacterial numbers, samples of

Dashancha(D) and Us raw material powder(P) with different wieghts were used in

the experiments. Results showed that the bacteria in the sample D and P were

reduced by different rates after exposure to 0.5-6KGy of gamma-rays. Radiation

sensitivity of bacteria in .sample P was higher than that m sample D. A good result of

radioslerili/aion for both sample D and P needed a higt absorbed dose uniformity to

be kept during the radiation processing. Mould was not detected in any of the

samples aflci a dose of 4k<iy. Althouth there were no significant changes of organic

acid and llavonc contents, in sample D and P with a radiatoin dose up to lOKgy,

destruction ol"B| appeared greatly different (table I) There was less loss of vitamin

B| in sample P than in sample D with the same dose. These results indicate that

radiaton sterilization of traditional Chinese medicine powder has a better result than

its bolus

Table 1 Effect of irradiation on the organic acid, flavone and Bl contents in

different samples

D-valuc(Kgy)

Sample

Orgnic acid (mg/g)

plavone (mg/g)

Vitamin B| (mg/g)

D

12.6

21 0

26.1

6

P

13.8

. 21.0

29.8

D

12.8

19.8

24.4

10

P

13.4

20.5

27.9

D

13.6

21.3

29.2

CK.

P

14.1

21.0

32.0

RFliRIiNCES

;. 1..S. /hang, Y. K Liang 1999 The effect of stenli/atoin by gamma-rays on

Immunologic functoin ot LBP. Acta Laser Biology Sinica. (8)1.87-92.
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Method of measurement and calculation on absorbed dose to various dense irradiated

Products

Abstract

Tang Chenkui, Cao Xiusheng, Wang Jinfeng, Li Yixiao, Li Jinkun, Wang Ming,

(Yunnan Nuclear Technique Application Center, Kunming 650214 )

This paper reports the distribution on absorbed dose regarding to various densities irradiated

products by analogous box and thus the corresponding curve diagram has been drawn out. By

applying curve, methods of calculating the average absorbed dose and monitoring the

minimum and maximum value of absorbed dose on irradiated products have consequently

been obtained. Most manufacturing units can use this method as guidelines to confirm the

average absorbed dose on radiation products and its minimum and maximum value, which

would promise the products quality. It has a certain value for reference and application.

An analogous box has been designed to measure the distribution and average value on

absorbed dose of irradiated material with similar density from irradiated products. The box is

61cm in length, 48.5cm in width and 27.2cm in height. Five such boxes occupied the whole

hanging cabinet (see Fig I). One movable frame for putting dosimeter can be put in and

dragged out from the box freely. The movable frame has divided the box into 25 small cubes

and each dosimeter being put in its center, totally 125 dosimeters are put into five boxes.

Meanwhile, every five dosimeters are being put in the middle axis on bottom inside the

lowest box and upper inside the highest box and the surfaces of the front and back of the 5

boxes.

During radiation process, as most irradiated products are biological materials made up carbon,

hydrogen, oxygen and nitrogen, three materials, such as wood shavings, sawdust and corn are

used as basic materials, to compound irradiated materials with six different densities at

various ratio. The two hanging cabinets with analogous boxes and radiation products are

being sent into radiation hall by exporting chain to accept radiation at 30 working points in

five passages. Radiation source is cobalt 60r, double plates arranged and total activity is

5.92x1 OFJq.

The measuring result for absorbed dose distribution in analogous box is listed in List 1 and its
work curve in Fig2 and Fig3.

For different density irradiated products, the average absorbed dose value can be obtained by

using surface absorbed dose times constant of K value checked from the product density in

Fig2. Meanwhile, the minimum and maximum value of absorbed dose can be thus obtained in

dose distribution diagram.

To those radiation manufactories with set parameter on activity of source, arranging pattern of

source and radiating condition, it is no need to measure its surface absorbed dose regularly.

The average absorbed dose for irradiated products can be obtained by using average absorbed
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dose value according to its curve in Fig3 times the decay constant of its radioactive source.

For the repeating manufacture of the same irradiated products, it is unnecessary to measure

repeatedly the absorbed dose distribution and its average value by large amount dosimeters.

However, regular monitor to its minimum and maximum point of absorbed dose value is

needed in order to be sure that the effective absorbed dose value is larger than the minimum

absorbed dose in irradiated products and the maximum of absorbed dose value is smaller than

the limited dose in irradiated products according to law.

List 1. The distribution on measurement of absorbed dose value for various dense irradiated

products

Sequence
number

1

2

3

4

5

6

7

8

Description for
measuring item

The density ( g/cm3)
for irradiated material
in analogous box

The average value of absorbed dose
(KGY) among 50 measuring points at
the front and back of the analogous box
The average value of absorbed
dose(KGY) among 125 measuring
points on irradiated material in
analogous box
K ratio value of average absorbed dose
inside analogous box to the two sides of
the box

The average value of absorbed
dose(KGY) among 25 measuring points
on central plate inside the analogous
box parallel to double plate of
radioactive sources.
The ratio value between average value
of absorbed dose on central plate
parallel to the two plates of radiation
source and the surface of analogous box
The maximum and minimum value of
absorbed dose in analogous box.
The uneven degree for absorbed dose to
irradiated material inside the analogous
box.

The respective average absorbed dose
value for the five layers of analogous
box inside the hanging cabinet.

0.084

1.040

0.983

0.945

0.968

0.931

1.120
0.772

1.453

0.935
1.068
0.982
0.979
0.947

0.134

1.067

0.982

0.920

0.934

0.875

1.104
0.751

1.470

0.925
1.021
1.065
0.994
0.904

0.249

1.041

0.909

0.873

0.850

0.817

1.053
0.629

1.674

0.866
0.943
0.961
0.955
0.818

0.385

0.980

0.807

0.823

0.725

0.740

1.009
0.532

1.897

0.761
0.841
0.860
0.844
0.733

0.509

0.912

0.710

0.779

0.598

0.656

0.855
0.443

1.930

0.664
0.731
0.710
0.729
0.671

0.570

0.873

0.619

0.709

0.497

0.569

0.771
0.373

2.067

0.590
0.556
0.652
0.636
0.586
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Gamma Ray Radiation Modifications on Polymer Materials

Yan Aoshuang, Zeng Xinmiao, Zheng Jinmei
Beijing Radiation Application Research Centre

Beijing, 100012, P.R.China

E-beam irradiation has been known for many years as a powerful technology in
polymer material industry. Although there are also some examples of using gamma-
ray processing, such as crosslinking of heat-shrinkable products, gamma ray
irradiation has been considered as a way mainly for sterilization of medical products
and for treatment of food staff. However, in China, many gamma-ray irradiation
facilities have to be used multi-purposely and one of the potential uitilization is to
treat chemical products.

Within the past ten years, research work on modification of polymer materials by
gamma-ray irradiation has been carried out in Beijing Radiation Application Research
Centre (BRARC) to seek for wide industrial applications. The sketch of the Co-60
gamma ray irradiation facility is shown in Figure 1 and it was normally loaded with
6OO,OO0Ci~7O0,OOOCi Co-60 pencils.

Figure 1. The sketch of the Co-60 gamma ray irradiator located in BRARC
1. source rack 2. internal conveyor 3. rotary door 4. pool
5. concrete construction 6. external conveyor 7. products
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The developments have been made to reach different requirments: degradation,

crossinglinking, grafting, curing and polymerization. Most of these research

achivements have been uitilized successfully in industries. The list of these

applications and dose range is given in Table 1.

Table 1. Gamma ray applications on modification of polymer materials in BRARC

application purposes dose range (kGy)
degradation of isobutene-isoprene reclaimation 50-100
crosslinking of plastic heat-shrinkable products 100 — 200
surface grafting on LDPE propertise improvement 2 0 - 4 0
curing of SBR propertise improvement 100-200
grafting of NR,SBR, etc. rubber powder producing 5 0 - 8 0
curing of composite reduction of cost, etc. 100-200

In conclusion, irradiation processing have been proved sucessfully on modification of

polymer materials, by E-beam irradiation as well as by gamma ray irradiation, or by

x-ray irradiation. This point is correct not only in theory but also in practice.

Furthermore, the advantage of gamma ray irradiation (penetration) may open some

new application areas for material industry.
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Magnetic Property Modification of Iron-bearing Minerals
by Electron Beam Irradiation
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Tianjin Instilutc of Technical Physics, Tianjin 300192, P. K. of China

The application of magnetic separation for enrichment of iron minerals is ah\ays

restricted b) their faint paramagnetism. For strengthening the magnetic properties of weakly

magnetic iron-bearing minerals, a harmful lo environment and energy consuming magnetizing

roasting process is connnonlv used. A novel method for increasing the magnetic susceptibility

of iron-bearing minerals is now investigated by applying electron beam irradiation. The

irradiation by accelerated electron beam results in a radiation-thermal effect on the surface of

mineral particles. Under its influences, new strongly paramagnetic or even ferromagnetic

phase are formed, thus the magnetic susceptibility of fine mineral particle is raised. This

treatment makes possible a very effective magnetic separation of some weakly magnetic iron-

bearing minerals at low magnetic induction

Some iron-bearing mineral (pyritc, arscnopyrjle, chalcopyrite, feni-sphaleritc and

hematite ) samples are used for laboratory experiments, the samples were classified into

several size fractions. The irradiation of dry samples was carried out on a linear accelerator of

electron of the energy 1.5Mcv. The effects of irradiation were evaluated by measuring the

specific magnetic susceptibility of minerals with instrument WCF-2. The parameters of

irradiation such as radiation dose, current density and particle size were studied.

Some results of experiments arc given in table 1. It is evident from table 1 thai the

electron beam irradiation can raise the specific magnetic susceptibility of iron-bearing

minerals dramatically. The radiation results are depends on the radiation dose, current density

and particle si7.e. The change of specific magnetic susceptibility with radiation dose shows

that each sample has a critical dose beyond the value increases abruptly. The critical points of

each mineral are different at different current density uf electron beam and particle size.

Further studies show that at low radiation dose the change of magnetic susceptibility is

caused by the processes of excitation and ionization of the molecules irradiated minerals.

While at high radiation dose, the change is mainly caused by thermal effect of radiation. The

presence of Fe3O4 phase on mineral surface was contained by the result of X-ra\ diffraction

analysis
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The following conclusions may be drawn from the conducted studies:

1. The irradiation on iron-bearing minerals with accelerated electron beam raises the

specific magnetic susceptibility at high radiation dose, each mineral lias a critical dose

level which depend on the current density of election beam and particle size.

2. The increase in susceptibility is caused by tiie formation of ferromagnetic phase on

mineral surface.

Table I specific magnetic susceptibility of some iron-bearing minerals before and after

irradiation by electron beam

Mineral type

arseuopyrite

Pyrite
Ciiacopyrite

Panicle size
(mesh)

-80i200
-200+300
-300
-80
-801 160
-160

Specific magnetic susceptibility
X10* cmVg

before
4.41
S3.97
14.S3
2.34
231.10
272.97

1000 kGy
1.47
13.08
845.53
1.12
37X.X6
273.53

2000 kGy
1.21
11.63
4461.11
376.82
295.08
525.40

5000kGy
3619.5
5275.49

2072.46
1324.13
52.3.2!
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GAMMA-RADIATIONALLY SYNTHESIZED HYDROGELS
OF VINYL ETHERS WITH STIMULI-SENSITIVE BEHAVIOR
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Al-Faraby Kazakh State National University
Karasai Batyr Str., 95, Almaty 480012, Republic of Kazakhstan

Gamma-radiation method was applied to design novel linear and cross-linked
hydrophilic polymers [1]. Hydrophilic and hydrophobic types of vinyl ethers were used as
monomers:

CH^CH

O
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!

CH2

CH2

1
OH

CH2-CH

O

CH2

L2
1
CH2

ii
CH3

CH^CH
1
0
1

CH2

CH3-CH-CH3

VEEG VBE VTBE

where VEEG is vinyl ether of ethylene glycol, VBE is vinyl butyl ether and VIBE is
vinyl isobutyl ether. Divinyl derivation of VEEG was used as a cross linking agent to obtain
network structure polymers. Normal and isomeric vinyl alkyl ethers (VAE) were used to compare
physico-chemical properties of VEEG-VAE copolymers upon hydrophobic substitute structure.

Monomers were mixed in wide range composition and bubbled with argon, and then
exposed to gamma-radiation using Co-60 "MPX-y-25M" device. Radiation dose was regulated
by time of exposition and varied from 40 to 100 kGy in dependence on monomer composition
and concentration of cross-linker.

The regularities of the synthesis in VEEG-VBE and VEEG-VIBE systems were studied.
In general, both systems are characterized by similar regularities. Thus, yield of both linear and
cross-linked copolymers increases with absorbed dose as well as with lowering of VAE content
in feed. The last is evidence of the higher reactivity of VEEG comparing with VAE. That is the
reason of significant composition and conversion inhomogeneity of copolymers. The difference
between VBE and VIBE in copolymerization with VEEG was found to be that monomer with
normal alkyl radical is slightly more active, than isomeric one:

n(VEEG)=1.2 r2(VBE)=0.2
r,(VEEG)=1.3 r2(VD3E)=0.2.

Due to the presence both hydrophilic and hydrophobic units in the structure, VEEG-
VAE copolymers exhibit thermo-sensitive behavior in water solutions. Namely, the linear
polymers are characterized by LCST, and network analogues undergo to volume phase transition
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upon the temperature. The value of critical temperature is considerably decreased at higher
concentration of hydrophobic component in the polymer composition as well as at rising ionic
strength in surrounding medium. VEEG-VIBE copolymers were found to be more hydrophilic
than isomeric analogues with the same composition. In particular, the hydrogels have higher
swelling degree and show collapse behavior with noticeably higher amplitude comparing with
VBE-copolymers. According to these results, the hydrophobic-hydrophilic balance of polymeric
macrochains can be delicately varied by the copolymer composition as well as by chemical
structure of alkyl substitute in hydrophobic moiety.

To obtain hydrogels with more dramatic collapse behavior, VEEG-VIBE networks were
modified by 2 ways: the first is the introduction of polyacrylic acid (PAA) at interpolymer
reaction in water solutions, while the second is complex formation with charged surfactant.

The interactions with PAA are accompanied by complex formation due to the hydrogen
bonds between hydroxyl group of VEEG in the network and carboxylic group of polyacid. In
some cases the oscillation character of swelling ratio changes in PAA solutions was observed. It
was found that the interpolymer reaction is promoted at lower pH value and higher ionic strength
of medium. Besides, the most effective interaction takes place in mixed solution rather than in
aqueous one. The presence of carboxylic groups in the network structure results to the increasing
swelling degree of the modified hydrogels and some of them exhibit quite complicated thermo-
sensitivity with few extreme points.

293 313 333 353 373
TeMneparypa, K

Fig.l. Swelling behavior of complex hydrogel VEEG-VIBE - surfactant upon temperature.
Complex formation conditions: [CPBJ^IO'3 mol/l; copolymer composition [VEEG]: [VIBE],
mol%: 1 -77,2:22,8; 2-86,4:13,6; 3- 92,8:7,2.

The same method was used to introduce cetylipyridinium bromide. It was found that
more hydrophobic hydrogels samples absorb more amount of surfactant. The hydrophobic
interaction is considered as dominant driving force for the complex formation. Due to charges on
the polymer chains, in the number of cases the hydrogels swell much higher in water and undergo
dramatic collapse with temperature increase (fig.l).

Thermo-sensitive hydrogels VEEG-VBE can be suggested as a promising drug carrier
with controlled release [2]. Desorption processes were investigated with Brilliant Green dye as a
model drug in dependence on the initial state of the gels. It was found that release profiles
depend on the initial state of the hydrogels saturated with drug. Namely, the deceleration and
promotion is observed for the dried and swollen gels respectively.
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