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1. OBJECTIVE OF THE RESEARCH 
 

The objectives of proposed research contract were first  synthesize superabsorbent polymers based on 
natural polymers to be used as disposable diapers and soil conditioning materials in agriculture, 
horticulture and other super adsorbent using industries. We have planned to use the natural polymers; 
locust beam gum, tara gum, guar gum and sodium alginate on the preparation of natural 
superabsorbent polymers(SAP). The aqueous solution of natural polymers and their blends with trace 
amount of monomer and cross-linking agents will be irradiated in paste like conditions by gamma rays 
for the preparation of cross-linked superabsorbent systems. The water absorption and deswellling 
capacity of prepared super adsorbents and retention capacity, absorbency under load, suction power, 
swelling pressure and pet-rewet properties will be determined. Use of these materials instead of 
synthetic super absorbents will be examined by comparing the performance of finished products.  
 
The experimental studies achieved in the second year of project mainly on the effect of radiation on 
the chemistry of sodium alginate polymers in different irradiation conditions and structure-property 
relationship particularly with respect to radiation induced changes on the molecular weight of natural 
polymers and preliminary studies on the synthesis of natural-synthetic hydride super adsorbent 
polymers were given in details.  
 
2. INTRODUCTION 
 
Hydrophilic polymers when cross-linked chemically or physically forming three dimensional networks 
swell but do not dissolve in water. They are termed hydrogels when the amount of water retained is 
between 20-100% of the total weight, and when water content exceeds 100% these hydrogels are 
called super adsorbent hydrogels.  
 
Recently hydrogels have found a wide range of biomedical applications including controlled drug 
delivery systems, replacement blood vessels, wound dressing, soft tissue substitution, contact lenses 
and a variety of other related and potential uses. Hydrogels are generally found to be very well 
tolerated when implanted in vivo and can be easily tailored to suit the many functions of prosthetics in 
contact with blood or tissues. 
 
Hydrogels are typically synthesized by one of the two well established procedures: (a) polymerization 
and simultaneous or postpolymerization cross-linking of hydrophilic monomers, and (b) modification 
of hydrophilization of existing polymers with potential hydrogel properties. A comprehensive review 
of the chemistry and various synthetic approaches used in hydrogel preparation can be found in the 
compilation of [1]. A more recent review by [2] provides an in depth discussion on the methods of 
hydrogel synthesis. The inherent advantages of using high energy radiation in the synthesis of 
hydrogels for biomedical applications have been reviewed by [3]. The preparation of hydrogels by 
radiation treatment of aqueous solutions of hydrophilic monomers or polymers carries some 
advantages over the conventional techniques. It does not require initiators, cross-linkers and can be 
used practically with any vinyl monomer and both polymerization and cross-linking reactions can be 
initiated at ambient or sub-ambient temperatures. 
 
It is very well known that polysaccharides in dry form or in solution degrade when exposed to ionizing 
radiation [4,5]. The results reported so far on the radiation-induced degradation of polysaccharides 
indicated that chain scission yield strongly depends on the relative concentration of polymer.  
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Recently it has been found that when the concentration of polysaccharide is increased beyond viscous 
solution to paste-like condition, or in the presence of some additives like carbon tetrachloride cross-
linking effect starts to dominate and typically chain scissioning polymers turn into cross-linking 
type[6-7].  
 
In this project we will try to find general conditions for cross-linking of polysaccharide type natural 
polymers such as locust beam gum(LBG), tara gum(TG), guar gum(GG) obtained from plants sodium 
alginate from algea. We believe that development of radiation induced cross-linking of 
polysaccharides will enhance the development of radiation technology for natural polymers and 
producing of new finished products. 
World-wide, the demand for single-used disposable non biodegradable synthetic superabsorbent 
polymers has increased dramatically since 1986 and currently amounts to about 850.000 metric tons 
per year. The consumption is in the The United States (300.000 metric tons per year), followed by 
Europe at 250.000 metric tons and Asia and Oceania at 100.000 metric tones. Based on the trend, we 
expect demand for superabsorbent polymers to reach 1.000.000 metric tons per year within a few 
years. Use of biodegradable hydrogels based on natural superabsorbent polymers especially as diapers 
and soil conditioning material will be a new approach for the solution of an environmental problem 
faced in our world.   
 
Effect of radiation on the chemical structure of natural polymers LBG, TG and GG are given in details 
our first progress report of project. In this report we have tried to explain radiation-induced 
degradation of sodium alginate (NaAlg) having different G/M ratios.  NaAlg samples were irradiated 
with gamma rays in air at ambient temperature in the solid state at low dose rate. Change in their 
molecular weights was followed by size exclusion chromatography (SEC). Changes in their 
rheological properties and viscosity values as a function of temperature, shear rate and irradiation dose 
were also determined. Chain scission yields, G(S), and degradation rates were calculated. It was 
observed that G/M ratio was an important factor controlling the G(S) and degradation rate and also 
antioxidant properties of sodium alginate NaAlg. The preliminary experimental studies on the 
synthesis of natural-synthetic hydride super adsorband polymers were given also in this report. 
 
 
3. MATERIALS AND METHODS 
 
3.1. Chemicals 
 
Sodium alginate samples were obtained from FCM Biopolymers Company, Norway and used as 
received. The initial molecular weights of NaAlgs, guluronic acids and mannuronic acid, (G)/(M) 
ratios and abbreviations used for these polymers are given in Table I. Commercially available locust 
bean gum (LBG), guar gum (GG) were obtained from Sigma-Aldrich and used as received, tara gum 
(TG) was obtained from domestic TGS Company.  
 
TABLE I. INITIAL MOLECULAR WEIGHTS AND G/M RATIOS OF NaALGS USED. 
 

Polymer Mn  Mw  G/M 
LF120 340.0x103 670.0x103 70/30 
LF200 310.0x103 690.0x103 50/50 
LF240 275.0x103 500.0x⋅103 45/55 

 
3.2. Irradiation of natural polymers 
 
Sodium alginate samples were placed in tightly closed containers, and irradiated at the required doses 
(2.5, 5, 10, 15, 20, and 25 kGy) in a Gammacell 220 type 60Co-gamma irradiator at room temperature 
in air. For the irradiation of galactomamnans, samples were placed in tightly closed containers and 
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irradiated to required doses (2.5, 5, 10, 20, 50, 100 and 150 kGy) in 60Co - gamma irradiator at room 
temperature in air. 
 
3.3 Size Exclusion Chromatography Analyses  
 
Irradiated and unirradiated samples were analysed using a Waters Breeze model Gel Permeation 
Chromatograph. NaNO3 (0.1 M) was used as the eluting solvent. Water 2000-1000-500 hydrogel 
columns were used for molecular weight analyses, and universal calibration was constructed by using 
narrow molecular weight poly(ethylene oxide) standards. K and a constants for NaAlg were taken as 
7.3 x 10-5 and 0.92, respectively [8].  
 
3.4 Rheological analyses  
 
Change in their viscosity with concentration and irradiation dose, and all rheological properties were 
measured by using a Thermo MARS rheometer equipped with a Controlled Test Chamber (CTC) for 
temperature control and using a cone–plate geometry (cone diameter 40mm and angle 4o). Viscosity 
measurements were performed in the shear rate range of 0.1–500 s-1, and at 30 oC. 
 
3.5 Preparation of super adsorbent polymers  

The super adsorbents were prepared by mixing  4 ml of 2 wt % of LBG, TG and GG solution with 0.4 
ml of acrylic acid sodium salt and crosslinking agent N,N`-methylene bisacrylamide The amount of  
N,N`-methylene bisacrylamide in solution is 4 % by weight (weight of N,N`-methylene 
bisacrylamide/weight of acrylic acid sodium salt). The homogenous viscous solutions were placed in 
PVC straw of 3 mm diameter and irradiated to 12 kGy in air at ambient temperature. Irradiation was 
carried out in the Gamma cell 220 type, 60Co- gamma irradiator. Hydrogels obtained in long 
cylindrical shapes were grinded and dried in air. The hydrogels were stirred for one day in distilled 
water to remove the soluble fractions and were then dried first in air and then in vacuum oven at 40oC. 
 
3.6 Absorption under load (AUL) measurement 
 
A macro porous sintered glass filter plate (d=100 mm, h=7 mm) was placed in a Petri dish and the dry 
hydrogel sample was uniformly placed on the surface of a polyester gauze located on the sintered 
glass. A cylindrical solid weight (d=80 mm, variable height) which could slip freely in a glass cylinder 
was used to apply the desired load (applied pressure=0.6 psi) to the dry hydrogel particles as shown in 
scheme 1. The sample was then covered by the solution such that the liquid level was equal to the 
height of the sintered glass filter. The dish and its contents were covered to prevent surface 
evaporation and probable change in the concentration. The swollen particles were weighed at regular 
time intervals and AUL was calculated by using equation (1).  
 
AUL (g/g) = W2 – W1 / W1                                                                                                        (1) 
 
Where, W1 and W2 represent the weight of dry and swollen hydrogel, respectively. 
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4. RESULTS AND DISCUSSION 
 
4.1. Controlling of molecular weight of sodium alginates by G/M ratio 

Alginate is one of the natural polysaccharides that occur in substantial amounts in the brown 
seaweeds. Alginates are unbranched binary co-polymers of (1- 4)-linked residues of β-D-mannuronic 
acid(M) and α-L-guluronic acids (G). Alginic acid and its water-soluble sodium salt have been 
manufactured for decades for their great ability to give highly viscous solutions even at moderate 
concentrations and mainly used in food, pharmaceutical, and chemical industries as thickening agents, 
drug carrier, stabilisers, and plant growth stimulator[9-11]. Aqueous solution of sodium alginate forms 
stable gels in the presence of multivalent cations such as Ca2+ and Mg2+. Gel formation occurs due to 
the ionic interaction between guluronic acid residues from two or more alginate chains and cations, 
yielding a three-dimensional network of alginate molecules well described by the ‘‘egg-box model’’ 
(Grant et al., 1973). Functional and physical properties, mechanical strength, porosity, gel uniformity, 
biocompatibility, and influence on encapsulated cells properties of Alginate gels vary widely 
depending on ratio of mannuronic to guluronic acids, the frequency and size of guluronic acid blocks, 
the molecular weight of the polymer[13,14]. Experimental studies have shown that selective binding 
of certain alkaline earth metal ions increase markedly with increasing content of the α-L-guluronic 
acids (G) residues in the chain. On the other hand, poly-mannuronate blocks and alternating blocks are 
almost non selective. 
 
In recent years much more attention has been directed to radiation modification and degradation of 
natural polymers such as kappa carrageenan, sodium alginate and chitosan, and using of these low 
molecular weight polysaccharides or oligosaccharites in the plant growth promoter and plant 
protectors [15-17].  
 
Recently, Nagasawa et al.[17] investigated the effect of radiation on alginates in solid state and in 
aqueous solution. It was found that NaAlg degraded after irradiation in both solid state and aqueous 
solution; and the degradation in solution was remarkably greater than that in the solid state. 
Degradation yields of NaAlg were found in this study as 1.9 and 55 g-1mol kGy-1 for solid state and 
aqueous solution, respectively. 
 
In another study performed by Wasikiewicz et al. [18], ultrasonic, ultraviolet and gamma degradations 
of NaAlg and Chitosan were investigated. It was found for both polymers that the most effective 
method, from the energetic point of view, was gamma radiation with a yield of scission, G(S), of 0.55 
x 10-7 mol/J for 1% alginate, and 3.53 x 10-7 mol/J for 1% chitosan. However, considering the reaction 
time, the ultraviolet method was the most effective, with the reaction rate constant, k, of 0:52 h-1 for 
alginate, and 1.6 h-1 for chitosan. 
 
Neither in these radiation induced degradation studies of NaAlg, nor in other studies on the 
preparation of oligosaccharides of NaAlgs as the plant growth promoter and plant protectors [17,19] 
the effect of configuration of NaAlg was considered by the authors. 
 
In the present study, radiation induced degradation of sodium alginate (NaAlg) having different G/M 
ratios was investigated for the first time. For the investigation of the effect of gamma rays on the 
molecular weight of NaAlgs, their wM  and nM values were evaluated using SEC. Unimodal 
chromatograms were obtained for all NaAlg samples. As the irradiation dose increased, the SEC 
chromatogram of the NaAlg sample shifted to higher retention volumes indicating the molecular 
weight of the sample was decreased with irradiation. By using universal calibration curve, average 
molecular weight of NaAlg samples was evaluated. Changes in the weight and number average 
molecular weights ( nM  and wM , respectively) with irradiation dose are given in Figs. 1 and 2, 
respectively. As can be seen from these figures, both average molecular weights decreased rapidly up 
to 20 kGy. 
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FIG. 1. Change in the number average molecular weight 
( nM ) of NaAlgs with dose. 

FIG. 2. Change in the weight average molecular weight 
( wM ) of NaAlgs with dose. 

 

4.2 Determination of chain scission yield and degradation rate constant 

The efficiency of radiation-induced events is expressed by the so-called G-value. The G-value, equal 
to the number of events per 100 eV of energy absorbed, has been customarily used to measure 
radiation chemical yield. Molecular weight values of NaAlgs are used for the determination of chain 
scission yield G(s) and degradation rate. If scission is the only mode of action of radiation then the 
radiation-chemical yield of degradation (scission) G(s) is determined from the Alexander-Charlesby-
Ross equation [20] : 
 

-7
nD n01/M  = 1/M  + 1.04x10  G(s) D          (2) 

 
where the absorbed dose, D, is in kGy, and nDM and n0M are the number average molecular weights 
of the polymer before and after irradiation, respectively. Rapid decrease in nM and wM  clearly 
indicated that the only mode of action of radiation on sodium alginate was degradation. For the 
determination of the G(s) values, 1/ nM  was plotted against dose for all samples (Fig. 3). Then, G(s) 
values were calculated by using the intercepts. The calculated G(s) values were 0.71 ± 0.083, 0.97 ± 
0.048, 1.05 ± 0.031 for LF120, LF200, and LF240 NaAlg, respectively. It was concluded that G(s) 
values were dependent on the structure (guluronic acids(G) and mannuronic acid(M) ratio) of the 
sample and followed the order LF240>LF200>LF120 or 70/30< 50/50< 45/55, G/M ratio. 
 
When the chemical structures of NaAlgs were examined it was seen that the properties of NaAlg 
varied widely depending on the composition of the alginate molecule (i.e., the ratio of mannuronic to 
guluronic acids, the frequency and size of guluronic acid blocks, the molecular weight of the polymer), 
and the concentrations of alginate and cation at the time of gelation. It could be concluded that the 
G(s) value increased with a decrease in the guluronic acids to mannuronic acid ratio. This increase was 
attributed to the decrease of radical-radical recombination reactions due to the decrease of stiff and 
extended nature of alginate chains. It is well known that the diaxial linkage in G-blocks results in a 
large, hindered rotation around the glycosidic linkage, which may account for the stiff and extended 
nature of alginate chains [21]. 
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FIG. 3.  Plot of 1/Mn versus dose for the determination of the G(S) values of NaAlgs. 

 

The equation given by Jellinek [22] was modified and used in the determination of degradation rate. 
Where N is the average number of bond cleavages per original polymer molecule, this value can be 
calculated by: 
 

n0

nD

MN
M

= 1−                       (3) 

 
where n0M  and nDM  are the nM  before and after irradiation to a certain dose (D), respectively. N 
is also named as the degree of scission. Assuming the rate of chain scission is independent of chain 
length and position of the link in the chain, N is anticipated to be a linear function of irradiation dose 
(first-order reaction) 
 

n0 n0

nD o

M MN 1 k  
mM

⎡ ⎤
= − = ⎢ ⎥

⎣ ⎦
D              (4) 

 
 
where k is the rate constant and mo is the molecular weight of a monomer unit. Eq. (4) can be rewritten 
as: 

nD n0 o

1 1 k D
mM M

⎛ ⎞
− = ⎜ ⎟

⎝ ⎠
             (5) 

 

Degradation rate constants for NaAlgs were determined by using the (1/ nM )-(1/ n0M ) versus dose 
curves The determined degradation rate constants for NaAlgs are given in Table II. They followed the 
order LF240>LF200>LF120. These results clearly indicated that degradation rate was also dependent 
on the G/M ratio for these initial molecular weights. 
 

TABLE II. DEGRADATION RATE CONSTANTS OF NAALGS. 
 

Polymer G/M k(kGy-1) 
LF120 70/30 4.27x10-10 ± 3.2x10-11 
LF200 50/50 5.86x10-10 ± 2.95x10-11

LF240 45/55 6.30x10-10 ± 1.98x10-11
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4.3 Examination of rheological behaviour of the NaAlg samples 
 
Change in viscosity with irradiation at different polymer concentrations and share rates was 
investigated for all NaAlg samples. A representative figure for the change of viscosity with shear rate 
for the unirradiated, and the 2.5 and 5.0 kGy-irradiated LF120 NaAlg is given in Fig. 4.  

100 200 300 400 500

0.015

0.020

0.025

0.030

0.035

0.040

0.045

0.050  LF120 0.0 kGy
 LF200 0.0 kGy
 LF240 0.0 kGy
 LF120 2.5 kGy
 LF200 2.5 kGy
 LF240 2.5 kGy
 LF120 5.0 kGy
 LF200 5.0 kGy
 LF240 5.0 kGy

V
is

co
sit

y 
 η

 (P
as

)

Shear rate  γ (1/sn)

 
FIG. 4.  Change in the viscosity with shear rate for LF120 NaAlg irradiated at the indicated doses. 

 

Shear rate versus shear stress, and shear rate versus viscosity curves became linear at an irradiation 
dose of approximately 2.5 kGy for LF120 NaAlg. Same behaviour was also observed for the other 
NaAlgs. Linearity of these plots indicated that the samples showed the Newtonian fluid properties. We 
could conclude that NaAlg lost the pseudoplastic fluid behaviour, and that the flow behaviour change 
from non-Newtonian to Newtonian even upon irradiation at very small doses. 

Viscosimetric studies performed in different polymers concentrations and at different shear rates 
clearly indicated that the change in specific viscosity of NaAlg solutions depended on the shear rate 
and concentration of the solution. For the determination of limiting viscosity number of NaAlgs for 
zero shear rate and concentration, the rheological data were reanalysed, and the ηsp/c values were 

plotted versus . The representative curves for the determination of [η] are given Fig 5. 
Similar curves were obtained for the other NaAlgs. Decrease percentage in [η] with irradiation is 
given in Fig. 6. As can be seen in this figure, the decrease in viscosity followed the order 
LF200>LF120>LF240. These results clearly indicated not only that the rheological properties of the 
irradiated and molecular weight-reduced alginates were only controlled by G/M ratio, but also that the 
frequency and size of the guluronic acid blocks were important parameters. Despite the lower 
molecular weight and lower G/M ratio, the slower decrease in [η] value for LF240 with irradiation was 
due probably to the presence of more GG blocks in the main chain. Experimental viscosimetric data of 
alginate solutions indicated that the stiffness of the chain blocks increased in the order MC<MM<GG 
[21]. 
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FIG. 5. A plot for the determination of the limiting viscosity number of LF120 NaAlg for zero shear rate and zero 
concentration. 
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FIG. 6. Decrease percentage in the limiting viscosity number for LF120 NaAlg with irradiation dose. 
 
4.4 Preparation of natural polymer containing super absorbents  

 
Radiation synthesis of super adsorbent polymers based on natural polymer Locust Bean Gum (LBG), 
Guar gum (GG) and Taga Gum(TG) and synthetic monomer acrylic acid sodium salt (AAcNa) were 
also achieved in the second year of project. Natural-synthetic hybrid AAcNa /LBG, AAcNa/TG and 
AAcNa/GG hydrogels were prepared by irradiating the ternary mixtures of  gums and synthetic 
monomer acrylic acid in the presence of cross-linking agent, N,N`-methylene bisacrylamide 
(MBAAm) by gamma rays at ambient temperature in order to develop a new super adsorbent system 
especially for using in diaper applications. End of the irradiations very high gelation(>90%) was 
observed for all natural polymer/monomer initial mixtures given in experimental section. Because of 
high gelation the experimental studies focused on this composition in the second year of the project. 
The adsorbsion kinetics of water under load at 25 and 37oC by AAcNa/LBG, AAcNa/TG and 
AAcNa/GG hydrogels was determined. The experimental studies performed on the identification of 
water absorption capacities of super adsorbents under different loads are given below. 
4.5 Water absorption capacities of super absorbents under load (AUL) 
 
For the investigation of absorbance under load a macro porous sintered glass filter plate (d=100 mm, 
h=7 mm) was placed in a Petri dish and the dry hydrogel sample was uniformly placed on the surface 
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of a polyester gauze located on the sintered glass. A cylindrical solid weight (d=80 mm, variable 
height) which could slip freely in a glass cylinder was used to apply the desired load (applied 
pressure=0.36 and 0.66 psi) to the dry grinded hydrogel particles[23].  
The swelling kinetics of AAcNa/LBG, AAcNa/TG and AAcNa/GG hydrogels and pure AAcNa in 
distilled water at different temperatures are given in Figs.7-10. 
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FIG. 7. Effect of temperature (a) 25 ºC, (b) 37 ºC and pressure on the swelling kinetics of AAcNa/LBG hydrogels. 
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FIG. 8. Effect of temperature (a) 25 ºC, (b) 37 ºC and pressure on the swelling kinetics of AAcNa/TG hydrogels. 
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FIG. 9. Effect of temperature (a) 25 ºC, (b) 37 ºC and pressure on the swelling kinetics of AAcNa/GG hydrogels. 
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FIG. 10. Effect of temperature (a) 25 ºC, (b) 37 ºC and pressure on the swelling kinetics of AAcNa hydrogels. 
 
Swelling kinetics of super adsorbents under different loads are also included in figures for comparison. 
As can be seen from these figures natural polymer containing super adsorbents exhibit higher water 
absorption character then pure AAcNa hydrogels. This changes is probably due to reducing of 
crosslink density ability of acrylic acid in the presence natural polymer during irradiation. The 
maximum or equilibrium swelling values of all prepared super adsorbents in different swelling 
conditions are compared in Fig 11.  
It is generally observed that the % swelling of hydrogels in water under 0.36, 0.66 psi load is lower 
than swelling in zero pressure. On the other hand, the effect of pressure is relatively low in AAcNa/TG 
hydrogels compared with the other hydrogel systems.  
It is seen from Fig. 11 that with increasing temperature of the swelling medium, the equilibrium 
degree of swelling values show a decrease and except GG/AAcNa system this effect becomes more 
pronounced under 0.66 psi pressure.    
The swelling kinetic figures show that the swelling increases with time continuously due to super 
absorbent character of these hydrogels, in which the samples almost reach to the equilibrium state after 
5-10 minutes.  
Due to fast and anomalous water absorption capacities of AAcNa/LBG, TG, GG hydrogels we can 
conclude that the hydrogels prepared in this study can be considered as potential super adsorbents for 
diapers systems and may be used instead of 100 % synthetic super absorbent using diapers and 
feminine hygiene products in nowadays . 
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FIG. 11. Variation of equilibrium swelling value of (a) AAcNa/LBG, (b) AAcNa/TG, (c) AAcNa/GG and (d) AAcNa hydrogels 
with temperature and pressure. Temperatures and pressures are indicated in figures.  
 
5. CONCLUSIONS 

In this report degrading effects of radiation have been considered from the point of views of 
controlling the molecular weights of sodium alginate. The effect of irradiation on the NaAlg samples 
was determined to be dependent on the chemical structure of the sample. As the guluronic acid to 
mannuronic acid ratio decreased, the effect of irradiation on the molecular weight and rheological 
properties of the sample became more pronounced. It could be concluded that the G/M ratio was one 
of the factors affecting chain scission yield of NaAlg. All NaAlg samples showed a pseudoplastic 
behaviour up to a certain dose, and a Newtonian flow behaviour above that dose. 
In this report radiation synthesis and characterization of swelling behaviour natural/synthetic hybrid 
super absorbents prepared by using LBG, TG, GG and acrylic acid sodium salt were given. Natural-
synthetic hybrid hydrogels were prepared by irradiating the ternary mixtures of natural polymers LBG, 
TG or GG and synthetic monomer acrylic acid sodium salt in the presence of cross-linking agent, 
N,N`-methylene bisacrylamide (MBAAm) by gamma rays at ambient temperature in order to develop 
a new super adsorbent system especially for using in diaper applications.    
The swelling behaviours of the prepared hydrogels in distelled water were studied in different 
temperature and pressure. So far in most of the relevant literature, the swelling capacity values of 
super absorbent polymers are reported as free-swelling data, i.e. load free swelling. It is obvious that 
the swelling conditions, and hence the data, are not real, because in all of the super absorbent polymers 
applications (agricultural, hygienic, etc.), the swelling particles must absorb aqueous solutions while 
they are under pressure.  
It is generally observed that swelling capacity of all natural polymer/AAcNa hydrogels decrease by 
applying 0.36-0.66 psi pressure during swelling. On the other hand due to fast and anomalous swelling 
the natural/synthetic hybrid hydrogel systems prepared in this study can be considered as potential 
adsorbents for the body fluids such as urine and blood and may be used especially as diapers feminine 
hygiene products.   
 
FUTURE PLAN OF PROJECT 
 

The overall objective of the proposed CRP is the wide-spread promotion and general application of 
radiation processed natural materials, coupling radiation technology and end-users to derive enhanced 
benefits from these value-added natural materials. The specific objectives are: 

• Identification of methodologies and QA protocols for investigating structure-property 
relationship particularly with respect to radiation induced changes in natural polymers. 
• Investigating the anti-oxidant properties of low molecular weight natural polymers and 
assessing suitability for preservation of food and allied products. 
• Field-testing the potential of radiation-modified polysaccharides as plant growth promoters, 
soil conditioners and for enhancing fermentation of agro by-products. 

169 

Working Material

Working Document



 
In the first and second year of our project we investigated structure-property relationship particularly 
with respect to radiation induced changes in natural polymers. In the second year of the project we 
also started to synthesize of natural polymer containing  super absorbents to be used as disposable 
diapers and soil conditioning materials in agriculture, horticulture and other super adsorbent using 
industries. 
 
In the third year of the project we will continue to synthesis of super absorbent polymers based on 
natural polymers to be used as disposable diapers, and other super adsorbent using industries. The 
aqueous solution of natural polymers and/or their blends with a trace amount synthetic monomer will 
be irradiated in paste like conditions or aqueous solutions and in the presence of cross-linking agents 
by gamma rays for the preparation of cross-linked hydrogel systems.  
The water absorption and deswellling capacity of prepared super adsorbents and retention capacity, 
absorbency under load, suction power, swelling pressure and pet-rewet properties will be determined 
also in the third year of the project. Use of these materials instead of synthetic super absorbents will be 
examined by comparing the performance of finished products.  
The antioxidant properties of degraded natural polymer by radiation also will be investigate in the 
third year of the project. For the investigation of antioxidant properties of degraded natural polymers, 
the hydroxyl (OH.), superoxide anion(O2

.) and Diphenylpicrylhydrazyl(DPPH) radical scavenging 
ability and Fe 2+ metal ion chelating ability will be evaluated. Use of degraded natural polymers LBG, 
TG, GG and NaAlg instead of antioxidant agents will be examined in the last year of the project by 
comparing the performance of finished products.  
 
 

REFERENCES 
 

 [1]   PEPPAS, N.A., Hydrogels in Medicine and Pharmacy, CRC Press, Boca Raton Vol. 3. (1987) 1. 
 [2]   MATHUR, M.A., SHAILENDER, K.M., SCRANTON, A., Methods for synthesis of hydrogel 

networks: A review., J. Macromol. Sci., Rev. Macromol. Chem. Phys., C36, (1996) 405-408. 
 [3]   CARENZA, M., Recent achievements in the use of radiation polymerization and  grafting for 

biomedical applications, Radiat. Phys. Chem., 39, (1992) 485-489. 
 [4]    CHOI, W-S., AHN, K.-J., LEE, D.-W., BYUN, M.W., PARK, H.J., Preparation of  chitosan 

oligomers by irradiation, Polym. Deg. Stab., 78, (2002) 533-538. 
 [5]   WASIKIEWICZ, J.M., YOSHII, F., NAGASAWA, N., WACH, R.A., MITOMO, H., 

 Degradation of chitosan and sodium alginate by gamma radiation, sonochemical and  
 ultraviolet methods, Rad. Phys. Chem., 73, (2005) 287-295. 
 [6]  YOSHII, F., ZHAO, L., WACH, R.A., NAGASAWA, N., MITOMO, H., KUME, T., Hydrogels 

of polysaccharide derivatives crosslinked with irradiation at paste-like condition, Nuclear Inst. 
Met. Phys. Res.B, 208, (2003) 320-324. 

 [7]   RAMNAMI, S. P., CHAUDHARI, C. V., PATIL, N. D., SABHARWAL, S., Synthesis and 
characterization of crosslinked chitosan formed by gamma irradiation in the presence of 
carbontetrachloride as a sensitize, J. Polym. Sci., Part A. Polymer Chemistry, 42, (2004) 3897-
3909. 

[8]  DERAMOS, C. M., IRWIN, A. E., NAUSS, J. L., STOUT, B. E.,13C NMR and 
  Molecular modeling studies of alginic acid binding with alkaline earth metal ions, 
  Inorganica Chimica Acta, 256, (1997) 69-75. 
[9] ØSTBERG, T, LUND, E.M., GRAFFNER, C., Calcium alginate matrices for oral unit 

administration, IV. Release characteristics in different media, Int. J. Pharm., 112, (1994) 241–
248. 

[10] GARCIA, A.M., GHALY, E.S., Preliminary spherical agglomerates of water soluble drug using 
natural polymer and cross-linked technique, J. Control Rel., 40, (1996) 179-186. 

[11]  HIEN, N. Q., NAGASAWA,  N., THAM, L. X., YOSHII, F., DANG, V. MITOMO,  H.  
  H., MAKUUCHI, K., KUME, T., Growth-promotion of plants with depolymerised 
  alginates by irradiation, Radiation Physics and Chemistry, 59, (2000) 97-101. 

170 

Working Material

Working Document



[12] GRANT, G.T., MORRIS, E.R., REES, D.A., SMITH, P.J.C., THOM, D. Biological interactions 
between polysaccharides and divalent cations: the egg-box model, FEBS Lett ., 32, (1973) 195-
198. 

[13] SMIDSROD, O., Molecular basis for some physical properties of alginates in gel state, J Chem 
Soc Faraday Trans., 57, (1974) 263-74. 

[14] KLOCK, G, FRANK, H, HOUBEN, R, ZEKORN, T, HORCHER, A, SIEBERS, U, WOHRLE, 
M, FEDERLIN, K, ZIMMERMANN, U., Production of purified alginates suitable for use in 
immunoisolated transplantation, Appl. Microbiol. Biotechnol., 40, (1994) 638-463. 

[15] RELLEVE, L., NAGASAWA, N., LUANC, L.Q., YAGI, T., ARANILLA, C., ABAD L., 
KUME, T., YOSHII,  F., DELA ROSA, A., Degradation of carrageenan by radiation Polymer 
Degradation and Stability, 87, (2005) 403-410. 

[16] THAMA, L. X., NAGASAWA, N., MATSUHASHI,  S., ISHIOKA, N. S., ITO, T., KUME, T., 
Effect of radiation-degraded chitosan on plants stressed with vanadium, Radiation Physics and 
Chemistry 61, (2001) 171-175. 

[17] NAGASAWA, N., MITOMO, H., YOSHII, F., KUME, T., Radiation-induced 
 degradation of sodium alginate, Polymer Degradation and Stability, 69, (2000) 279-285. 
 [18] WASIKIEWICZ, J. M., YOSHII, F., NAGASAWA, N., WACH, R. A., MITOMO, H. 
  Degradation of chitosan and sodium alginate by gamma radiation, sonochemical and  
  ultraviolet methods, Radiation Physics and Chemistry, 73, (2005) 287–295. 
[19] KUME, T., NAGASAWA, N., YOSHII, F., Utilization of carbohydrates by radiation 

processing, Radiation Physics and Chemistry, 63, (2002) 625-627. 
[20] CHARLESBY, A., Atomic Radiation and Polymers, Pergamon Press, New York, (1960). 
[21]   SMIDSROD, O., GLOVER, R. M., WHITTINGTON, S. G., The relative extension of  
         alginates having different chemical composition, Carbohydr. Res., 27, (1973) 107-118.  
[22]   JELLINEK, H.H.G., Degradation of Vinyl Polymers, Wiley and Sons, New York,  
         (1955). 
[23]  RAMAZANI-HARANDI, M.J., ZOHURIAAN-MEHR, M.J., YOUSEFI A.A.,  

ERSHAD-LANGROUDI, A., KABIRI,  K., Rheological determination of the swollen  
gel strength of superabsorbent polymer hydrogels, Polymer Testing, 25 (2006) 470-474. 

 
 
 

171 

Working Material

Working Document


