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Abstract 

         Crosslinked poly(Acrylamide-co-N-vinyl pyrrolidone) synthesized by solution polymerization using 

ammonium persulphate (APS) as radical initiator and N, N-methyl bis-acrylamide (N, N-MBAAm) as 

crosslinker. The network thus obtained was further functionalized by fractional hydrolysis. Both the hydrogels 

were characterized by FTIR spectra, scanning electron micrography, nitrogen analysis and swelling studies. The 

well characterized hydrogels were used for uranyl ion uptake from brine solution as a function of hydrogels 

structure, uranyl ion concentration, pH, temperature, and mass of the adsorbent. It has been observed that these 

hydrogels are efficient sorbents of uranyl ions 

and still from 5% NaCl solution.  

Keywords: Adsorption capacity, hydrogels; spectrophotometrically; salt sensitivity; 

                    Uranyl ions. 

 

1. Introduction 

         Polymeric substrates are being specifically designed and worn for the removal, separation and enrichment of 

metal ions from aqueous medium [1-3]. The design, synthesis and applications of polymer supports having 

chelating groups that selectively form complexes with the metal ions from the multi-component solutions is a 

frontline research activity [4-7]. Resins based on polyamines, polyethyleneimines, polyallylamines, chelating 

resins functionalized with dithiocarbamate and calixarene moieties functionalized on a polyethyleneimines 

supports have been reported for uranium recovery [8-11]. Resin fibers and fabrics containing amidoxime groups 
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are extensively studied for uranium recovery from seawater. Omichi et al. [12, 13] used an amidoxime group 

containing polyacrylonitrile fibers for uranium recovery from sea water. Choi et al. [14, 15] reported uranium 

adsorption using radiation induced grafting of polyethylene adsorbents carrying amidoxime and carbonyl groups. 

Amidoximation and characterization of N-vinyl-2-pyrrolidone/acrylonitrile based polymers have also been 

reported [16]. Poly(acrylamide-co-acrylic acid) hydrogels prepared by gamma irradiation have been used in 

uranium recovery [17]. Amidoxime containing membranes and hollow fibers are used for uranium recovery from 

sea water [18]. Egawa et al. [19, 20] investigated uranium recovery from sea water on an amidoxime modified 

acrylonitrile divinyl benzene copolymer. Caykara et al. [21, 22] reported uranium sorption from poly(vinyl 

pyrrolidone)-g-citric acid hydrogels. Hydroxamic acids have long been known 

for their ability to complex heavy metals such as uranium and iron, however, the competitive uptake of iron, 

especially, from sea water is a problem in view of the high salinity and the presence of other cations which 

compete for the active sites on the sorbent. In this context, the use of hydrogels having desirable functional 

groups for uranyl ions anchoring by adsorption, ion exchange or sorption in the interior of the polymer is an area 

that is being extensively explored. The polymer chains absorb water from the aqueous solution and the 

association, dissociation and binding of various ions to polymer chains causes the hydrogel to swell [23]. The 

swelling and shrinking properties of hydrogels are currently being exploited in a number of applications; metal 

ion uptake is one among these. Many polymeric substrates are being developed and used for the purpose of trace 

metal ions uptake due to ion-exchange or selective adsorption purposes [24-26], but there are relatively a few 

studies on hydrogels those have been specifically designed and synthesized for the uranyl ion adsorption from 

aqueous solutions. In our earlier studies, we have reported hydrogels as supports for the uptake of metal ions [27, 

28]. In these studies we have established that metal ion uptake is directly related to the water uptake capacities of 

the hydrogels and the same can be augmented by polymer analogous reactions like partial hydrolysis of the amide 

or other functional groups [29]. The present communication reports the use of well characterized hydrogel based 

on acrylamide (AAm) and N-vinyl pyrrolidone (N-VP) and crosslinked with N,N,-methylene bisacrylamide 

[poly(AAm-co-N-VP)-cl-N,N-MBAAm]. The hydrogel was further functionalized by partial alkaline hydrolysis 

to increase its efficacy in the targeted end-uses. The effect of partial hydrolysis is seasoned with the help of 

density measurements and calculations of percent functional group conversion [30- 32]. The hydrogels were 
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characterized by physical and chemical methods including, scanning electron micrography (SEM), nitrogen 

analysis and Fourier transformed infrared (FTIR) spectroscopy to establish their structure property relationship. 

These hydrogels were used for the sorption of uranyl ions as a function of the structural aspects of the hydrogel 

and also as its external environment using 5% NaCl as medium [33, 34]. 

2. Experimental 

2.1. Materials 

         Acrylamide (AAm), N,N-Methylene bisacrylamide, ammonium persulphate, sodium hydroxide, uranyl 

nitrate, sodium chloride, sodium carbonate and buffer tablets all from [S.D. Fine Chem. Ltd., Mumbai, India], and 

N-vinyl pyrrolidone from [Merck, Schuchardt, Germany]. 

2.2. Synthesis and functionalization of the networks 

         An equimolar mixture of acrylamide and N-vinyl pyrrolidone, and N,N-methylene bisacrylamide (2% of the 

total weight of the two monomers) and ammonium persulphate (1% of the combined weight of two monomers), 

respectively, as crosslinker and initiator were all taken together in a minimum quantity of water (just to solubilize 

different reaction components). All these were transferred to a chemical reactor (M/s. Autochem, US). The 

reaction system was stirred for five minutes and thereafter polymerization was allowed to proceed at 70ºC for 30 

min. The hydrogel [poly(AAm-co-N-VP)-cl- ,NMBAAm] was washed with distilled water to remove any soluble 

fractions present. It was dried for 48h at 40ºC in air oven. There after it was cut to disks, washed again and dried 

in hot air vacuum oven at 40ºC to obtain a constant weight. The hydrogel was further functionalized by subjecting 

it to reaction with 0.5 M sodium hydroxide for 48 h at 50ºC. 

2.3. Characterization of hydrogels 

         The hydrogels were characterized by scanning electron micrography (Joel Stereoscan-150 microscope), 

Fourier transform infrared spectroscopy (Nicollet 5700) and nitrogen analysis (Carlo Erba Instrument 1150). The 

swelling behavior of the hydrogels was studied by an earlier reported method (35). The dry gels (xerogels) were 

placed in distilled water and swelling experiments were recorded as a function of time (10 min, 30 min, 60 min, 

120 min, 180 min, 240 min, 360 min and 720 min.), temperature (25-45oC), pH (4.0, 7.0 and 9.0) The salt 

tolerance of the hydrogels was studied in 1% and 5% NaCl solutions. The percent swelling (Ps) of the hydrogels 

was calculated from the following relationship: 
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Ps = (Mt –Mo)/ Mo) ×100 

        Where Mt is the mass of swollen gel at time t, and Mo is the initial mass of the dry gel. The salt sensitivity of the 

hydrogels was calculated as per the following relationship:  

f (Salt sensitivity) = 1 – (Water uptake in a salt solution/water uptake in distilled water) 

          

         Percent conversion of –CONH2 group into –COO- is calculated from retro titration method. 

Normality of solution before and after the hydrolysis is calculated by normality equation: 

N1V1 = N2V2 

Percent conversion of –CONH2 group into –COO- is calculated by following relation: 

                                  

                             OH- molecule in initial feed – number of OH- molecule used %Conversion =   ----------------

----------------------------------------- -----------------   × 100                      OH -molecule in initial 

feed  

 

 2.4 Density Measurements of Crosslinked hydrogel 

 

         The densities of crosslinked poly (AAm-co-N-VP)-cl-N,N-MBAAm network compositions were measured 

using a 10 ml volumetric density bottle ( pycnometer). The volume of the density bottle was calibrated by using 

water. The densities of crosslinked samples were determined by using a balance with the support of a density 

determination. The weight of each sample was measured in air (W1) and in water (W2) to the nearest ±1×10-3g. 

The density was calculated as: 

       = [W1 / (W1- W2)] ×o

o is the density of water at measuring temperature. An average of three samples was for each copolymer 

composition. Where  and  are densities of unhydrolyzed and hydrolyzed polymer network have been 

calculated from pycnometer method using acetone as non-solvent. The density value of poly(AAm-co-N-VP)-cl-

N,N-MBAAm copolymeric networks changes little-bit after partial hydrolysis, it means that  the basic hydrolysis 

effect mainly the amide group than its cross-linking properties. Ratio of the change in cross-link density of 

unhydrolyzed sample with respect to hydrolysed sample is calculated as: 
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Percentile ratio is calculated as; 

× 100 

 

2.5. Swelling kinetics of synthesized hydrogel hydrogel 

         The swelling study was conducted on the hydrogel poly [(AAm-co-N-Vp)-cl-N,N-MBAAm] to observe the 

behavior at significant temperature, time and pH of swelling medium for both the unhydrolyzed and hydrolyzed 

samples [36]. The swelling ratio of hydrogels, qw, was calculated using the following equation: 

 

          ms is the mass of the hydrogel after equilibrium swelling in the definite pH solution and at definite 

temperature. To measure the swelling ratio, pre-weighed dry samples were immersed in the medium at definite 

pH solution. After wiping off the unnecessary water resting on the samples surface using moistened filter paper, 

the mass of the puffy samples was deliberated in the equilibrium swelling ratio of hydrogels, qv, was calculated 

as: 

 

The volume fraction of polymer network, v2m was calculated as: 

 

Prescribed time interval, the hydrogels were taken out from water and weighed after wiping the excess water at 

the surface of hydrogel. The swelling ratio of the hydrogels was defined as follows: 

 

 

Where, mt is the mass of the wet hydrogel at each time. 

         Flory–Rehner theory [37-39], the osmotic pressure of a hydrogel during swelling is given as the sum of the 

pressures due to polymer–solvent mixing (mix), due to deformation of network chains to a more elongated state 

(el), and due to the non-uniform distribution of mobile counterions between the hydrogel and the external solution 
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.                                                       

The mixing term is adequately represented by Flory–Huggins type expression of the   form  

 

Where R is the gas constant, T is temperature and χ is the polymer–solvent interaction parameter which is 

calculated as: 

.  

πion, and πel are calculated from following equations ; 

 

 

        The complete equilibrium expressions, which account for the mixing, elastic-retractive, and ionic 

contributions to the osmotic pressure of diprotic Polymeric networks are given below; 

 

Finally from these parameters we calculated the diffusion coefficient of water as follows:-  

 

r is the radius of the dry gel, k is the characteristic constant for gel, n is the characteristic mode of transport of the 

penetrate liquid. D is the diffusion coefficient calculated at pH 7.0, temperature 45C.  

2.4. Uranyl adsorption studies 

         Adsorption of uranyl ions from aqueous solution was studied by continuous adsorption-equilibrium 

experiments as described ahead. 0.2 g of the dry unhydrolyzed hydrogel was transferred into a 50 mL uranyl 

nitrate solution prepared in 5% NaCl. The solution was buffered by Na2CO3 in the concentration range of 0.5 

mM/L–12.5 mM/L. The adsorption set up was subjected to continuous shaking. The adsorption was studied as a 
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function of time, temperature, uranyl concentration and pH. The hydrogel was separated by filtration and the 

filtrate was analyzed for the rejected ions. 

         Spectrophotometric measurements were carried out using a Cary 300 UV-Vis spectrophotometer at the 

absorption maximum of 215 nm. The amount of adsorption per unit mass of the hydrogels was evaluated from the 

following expression: 

qe = (Co – Ce)V/W 

         Where, qe is the amount of uranyl ions adsorbed onto unit dry mass of the hydrogels (mgg-1), Co and Ce 

(mgL-1) are the concentration of uranyl ions in the initial solution and that left in the aqueous phase after 

adsorption for a certain period of time, respectively. V is the volume of the solution taken and W is the amount of 

dry gel used (g). The effect of partial hydrolysis of the hydrogel on the uranyl ion uptake capacity was studied as 

function of time and temperature at 45ºC. 

3. Results and Discussion 

3.1. Characterization of hydrogels 

         The hydrogel was synthesized with high crosslinking efficiency (97.1%). Due to the homogenous nature of 

the reaction system an intensely crosslinked network was formed. It is supported by the SEM of the hydrogels 

that network has small pores. On partial hydrolysis the network structure opens up as some crosslinks gets broken 

and intermolecular forces of attraction between the pendants groups are also disrupted that is also calculated by 

density measurement of hydrogel [Figs. 1a and 1b]. FTIR spectrum of the hydrogel reveal characteristic peaks at 

3421.6 cm-1, 1655.3 cm-1 due to the –NH and -C=O stretching of –CONH2 (AAm), and another small peak at 

1756.6 cm-1 is ascribed to the -C=O stretching of five member lactam (N-VP). The FTIR spectrum of the partially 

hydrolyzed network reveals that the intensity of the amide absorption decreases due to the partial hydrolysis and 

consequent loss of amide groups. At the same time the peak appears due to the –C=O stretching of the 

carboxylate groups  at 1743.9 cm-1 formed as a consequence of the partial hydrolysis [Fig. 2]. From the amount of 

nitrogen found in the hydrogel, it comes out that both the monomers and the crosslinker are incorporated into the 

network and network formation efficiency is high (97.1%) and there is negligible wastage of the monomers. After 

partial hydrolysis, the amount of nitrogen was found to be lesser (7.59%) in the hydrogel as compared to its 

precursor (12.41%). On hydrolysis amide groups of the poly(AAm) of the copolymeric hydrogel are converted to 

http://www.jetir.org/


© 2024 JETIR March 2024, Volume 11, Issue 3                                                                    www.jetir.org (ISSN-2349-5162) 

JETIR2403117 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org b142 
 

the -COO-Na+ groups. The conversion of amide groups is partial under the operating conditions this is calculated 

from retro-titration method. Standard solution of  NaOH (0.5N) in which hydrogel are hydrolysed is titrated with 

the standard solution of acid and then the equal volume of the solution taken after the hydrolysis of hydrogel for 

definite time period and then titrated with the same and calculated the normality of both and then it was observed 

that normality of solution after hydrolysis decreases (0.31N), observation leads the calculation of OH- molecule 

present in initial feed and OH- molecule after hydrolysis in solution. From this data then calculated the amount of 

OH- used  which is directly related to percent –CONH2 group conversion into the –COO- group. It is observed 

experimentally that 43.2%   –CONH2 group are converted into –COO- group, so hydrolysis is partial. The –

CONH2 group converted either of monomer acrylamide (AAm) or crosslinker N, N-methylene bis- acrylamide 

(N, N-MBAAm). 

 

3.2. Density Measurements of crosslinked hydrogel 

 

         The  and  are densities of unhydrolyzed and hydrolyzed polymer network have been calculated, the 

density values are comes out to be 1.427 and 1.304 g/mL respectively at room temperature and density of water 

taken is 1.021 g/mL at same condition of temperature and pressure. The ratio of decrease in cross-link density is 

comes out to be 0.9138 which corresponds to 8.61%, this means that the partial hydrolysis not only convert the -

CONH2  group into -COO- but also affect little-bit the cross-link density of synthesized hydrogel. We can say 

from this experiment that the hydrogel open up at that tremendous extent by which they lose their crosslinking at 

some places and they show high swelling in same condition as compared to unhydrolyzed sample. This reason the 

scanning electron micrograph of both show significant change. 

3.3. Swelling behavior 

         The hydrogel was expected to be reasonably good adsorbent of water due to strong hydrophilic nature of 

both the monomers. The swelling behavior of the hydrogel was investigated as a function of time, pH, 

temperature and salt concentration (1% and 5%).           

         The swelling behavior of the unhydrolyzed network with respect to time at different temperature is 

presented in [Fig. 3a]. Ps and swelling ratio Observed to increase with the increase in time till 180-240 min, and 

thereafter, equilibrium was reached. In the case of the partially hydrolyzed hydrogel, same trend was observed 
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with a maximum Ps of 4356.6 as compared to its precursor where the maximum Ps was just 1256.6 [Fig. 3b]. The 

lower swelling of the unhydrolyzed hydrogel is manifestation of its high crosslinking density, whereas on partial 

hydrolysis apart from the generation of ionic carboxylate groups, many crosslinks are broken and pore size 

becomes larger to accommodate more water in the bulk of the hydrogel. On variation of temperature, Ps was 

observed to increase with temperature up to at 40˚C where the maximum Ps was observed. 

         On the variation of pH from 4.0 and 9.2 at 40˚C, the maximum Ps was observed at ph 7.0 for both 

hydrolyzed and unhydrolyzed hydrogels [Figs. 3c]. At the lower pH swelling is less due to the observed 

shriveling of the hydrogels, which results from the strong molecular complexation between the side chains in the 

semi dilute solution in the formation of a transient network of hydrogen bonded complex [40]. Such a complex 

formation makes the water interacting groups less available for the formation of hydrogen 

bonding with water. While in the alkaline pH, the hydrogels interact with basic species restricting the interaction 

of water molecule with those of the carboxylic and hydroxylic 

groups. 

Swelling of the hydrogels was also studied in brine solution with a view to define their end-uses. Generally, 

hydrogels shrink in the presence of electrolytes due to the exo-osmosis [41]. In the present study similar effect 

was observed in the presence of 1% and 

5% NaCl solutions, thus, these hydrogels show appreciable salt tolerance [Fig. 3d]. The salt tolerance of the 

partially hydrolyzed hydrogel was observed to be higher as compared to the unhydrolyzed hydrogel. The 

deswelling of the former in brine was 4-5 times compared to around 8-9 times in the case of latter. The maximum 

Ps in 1% and 5% NaCl solution is, respectively, 393.3 and 206.6 for the unhydrolyzed and 2776.9 and 1366.4 for 

the partially hydrolyzed hydrogel. The salt sensitivity values of the two hydrogels are presented in [Fig. 3e]. 

        The kinetic parameter calculated for unhydrolyzed gels and hydrolysed one at pH 7.0 and at 45˚C. For 

unhydrolyzed one k found out to be 4.09×102 and which gives the 2.75 ×105 cm-2s-1 value of D and for the 

hydrolyzed sample 4.06×102 and which originate the 7.03×105 value of D. From this calculation we come on the 

conclusion that osmotic pressure due to ions, polymer solvent mixing and deformation due to more elongated 

form is maximum in case of hydrolyzed than that of unhydrolyzed hydrogels while the both are taken in equal 

molar ratios.  
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3.4. Adsorption of UO22+ 

         The use of the hydrogels in separation and enrichment technologies emanates from the fact that these can 

partition metal ions between solution and hydrogel phase, and it is expected to be more so and in the present case 

where the hydrogels absorb reasonably high amount of water. Apart from it, these hydrogels also have active 

groups like amide (both in free and cyclic form) and carboxylate groups; hence uranyl ion uptake is a 

combination of sorption, ion exchange and simple adsorption both on the surface and in the bulk of the hydrogels. 

The increase in uptake by some significant extent in partially hydrolysed sample due to increase in chelating 

group i.e. –COO- and decrease in density by which increase in pore size also at considerable extent leads to the 

same effect. 

 

3.4.1. Uranyl ions uptake as a function of time and temperature 

         In the case of the unhydrolyzed hydrogel, qe was found to increase with and as a function of time, when 502 

ppm of the (1mML-1) of the uranyl nitrate was used in 5% NaCl solution at pH 13 at 45◦C. On variation of time 

the highest qe of 155.17mgg-1 was obtained that corresponded to a percent adsorption of 68.47% [Fig. 4a]. While 

in the case of the partially hydrolyzed hydrogel, qe was observed to be higher at 177.35mgg-1 that corresponds to 

the percent adsorption of 77.84% after 480 min [Fig. 4b]. qe was again observed to increase in a regular manner 

on increase of temperature from 25-45˚C, and the highest value was observed at 45˚C. These trends in the uranyl 

ions uptake corroborate with those obtained for the hydrogel swelling as a function of temperature.  

3.4.2. Uranyl ions uptake as a function of ion concentration 

         The value of qe as a function of uranyl ions strength variation shows linear behavior [Fig. 4c]. To compare 

the effect of concentration of uranyl nitrate on the uptake of hydrogels, the concentration was varied between 

250ppm to 1250ppm at 45˚C and 60 min to 480 min. Increase in the concentration of the uranyl nitrate results in 

the increase in the adsorption with a maximum qe at 1mM/L after 480 min. On further increase of uranyl 

concentration, qe tends to reach equilibrium. The maximum uptake was observed at 1.0mM/L, and after that it 

remains constant suggesting attainment of the equilibrium and saturation of the active binding sites on the 

hydrogel above that concentration. 

3.4.3. Uranyl ions uptake as a function of pH 
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         The variation of the pH from 4.0 to 13.0 at the fixed concentration of uranyl nitrate 

(502 ppm) at 45˚C, UO22+ ion uptake increased on moving from acidic to basic pH [Fig. 4e]. The swelling 

behavior of the hydrogels also varies with pH. At the lower pH, network does not ionize, as the hydrogel rather 

shrivels as mentioned earlier. Hence, at the lower pH, partitioning of the uranyl ions to the polymer phase 

decreases due to the low swelling and hydrogen ions from the medium also competes with these to get sorbed on 

the hydrogel. 

 3.4.4. Uranyl uptake on commercially available polymer (amberlite)  

         Finally, to ensure reproducibility of the results, the uranyl adsorption study done on the commercially 

available hydrogel (ion exchanger) amberlite at optimum temperature (45◦C), pH (13) and concentration 

(502ppm) that standardize the results of the metal ion uptake shown in [ Fig. 4e] on the synthesized hydrogel. It 

shows qe value 119.65 which corresponds to 65% and somewhat slighter than that of the hydrogel prepared. It 

means that these hydrogels are the most valuable candidates for the uranyl adsorption even from sea water. 

3.4.5. Evidence for the uranyl uptake 

         The evidence of the uranyl uptake on the hydrogels was provided by studying the FTIR spectra of the uranyl 

ions loaded hydrogels. The FTIR spectra of the loaded hydrogels are shown in [Fig. 2c]. The comparison of the 

spectra of the precursor and the uranyl loaded hydrogels show severe changes in the spectra. Such changes in the 

FTIR emanates from the sorption of the large sized metal ion in the bulk of the hydrogel, thus, breaking of the 

intermolecular association in the interior of the hydrogel. Consequently bond becomes stronger and shifts towards 

the high frequency. In the spectra of the uranyl ion loaded unhydrolyzed hydrogel a shift in -C=O stretching of 

amide group of hydrogel is prominent. The peaks of -C=O stretching in the loaded hydrogel was observed at 

1655.3 cm-1 as compared to those observed at 1659.1 cm-1 in its precursor. This indicate some interaction of 

uranyl ion with -C=O group of the sorbents. The changes are also observed in the relevant region of the spectrum 

of the hydrolyzed spectra [Fig. 2d]. Both the hydrolyzed and the unhydrolyzed hydrogels also have additional 

peak at 933.8 cm-1 and 934.4 cm-1 which are characteristics of O=U=O stretching. 

 4. Conclusions 

         The poly(AAm-co-N-VP)-cl-N,N-MBAAm hydrogels is an environmentally sensitive polymer. It 

undergoes large volume phase transitions when subjected to the changes in its external environment. The partial 
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hydrolysis of amide groups affects the property profile of the hydrogel like crosslink-density, functional group 

conversion in a marked manner. The hydrogels, especially, the partially hydrolyzed one, show significant salt 

tolerance in the 5% NaCl solution. This attribute along with the high uranyl uptake from brine even comparison 

from ion-exchanger make these hydrogels as potential candidates for the uranyl ion uptake even from the sea 

water. 

Acknowledgements 

         One of us (LRS) is grateful to Himachal Pradesh University for financial assistance in the form of Junior 

Research Fellowship and for providing necessary instrumentation facilities. 

References 

1. B. E. Reed, and S. K. Nonavinakere, Sep. Sci. Technol., 27 (14) (1992) 1985. 

2. A. Goto, A.S. Moropka, M. Fukamachi, K. Kusakabe, T. Kago, Sep. Sci. Technol., 28   (13–14) (1993) 2229. 

3. B. E. Reed, M. R. Matsumoto, Sep. Sci. Technol., 28 (13–14) (1993) 2179. 

4. M. B. Collega, S. Sigga, R. M. Barnes, J. Anal. Chem., 52 (1980) 967. 

5. H. Egawa, H. Harada, T. Nonaka, Nippon Kagaku Kaishi, 1980b 1767. 

6. A. W. Trochimezuk, B. N. Kolarz, D. J. Bartkowiak, Eur. Polym. J., 37 (2001) 559. 

7. Y. Zhanhai, R. Lei, X. Jun, J. Appl. Polym. Sci., 83 (2002) 1986. 

8. H. J. Schenk, L. Astheimer, E. G. Witte, K. Schwochau, Sep. Sci. Technol. 17 (1982)    1293. 

9. K. Kaeriyama, J. Appl. Polym. Sci., 24 (5) (1979) 1205. 

10. T. Hirotsu, S. Katoh, K. Sugasaka, M. Seno, T. Hagaki, J. Sep. Sci. Technol., 21 (10) (1986) 1101. 

11. B. L. Rivas, S. A. Pooley, H. A. Maturana, S. Villegas, J. Macromol. Chem. Phys., 202, (2001) 443. 

12. H. Omichi, V. Katakai, T. Sugo, Okamoto, J. Sep. Sci. Technol., 20 (1985) 163. 

13. H. Omichi, A. Katakai, T. Sugo, Okamoto, J. Sep. Sci. Technol., 21 (1986) 299. 

14. S. H. Choi, M. S. Choi, Y. K. Park, T. Sugo, K. P. Kang, K. P. Lee, Radiat. Phys. Chem., 67 (2003) 387. 

15. S. H. Choi, Y. C. Nho, J. Macro. Sci., Part-A, Pure & Applied Chem., A37 (2000)  1053. 

16. N. Sahiner, N. Pekel, O. Guven, J. Rad. Phys. Chem., 52 (1–6) (1998) 271. 

17. T. Hirotsu, S. Katoh, K. Sugasaka, M. Seno, T. Hagaki, J. Sep. Sci. Technol., 21(10) (1986) 1101. 

18. M. T. A. Ende, N. A. Peppas, J. Appl. Polym. Sci., 59 (1996) 673. 

http://www.jetir.org/


© 2024 JETIR March 2024, Volume 11, Issue 3                                                                    www.jetir.org (ISSN-2349-5162) 

JETIR2403117 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org b147 
 

19. H. Egawa, N. Kabay, A. Jyo, Ind. Eng. Chem. Res., 33 (3) (1994) 657. 

20. E. Egawa, T. Nonaka, S. Abe, M. Nakayama, J. Macr. Sci., Part A, Pure & AppliedChem., 25 (1988) 1407. 

21. C. Tuncer, O. Sinan, O. Kantoglu, O. Guven, J. Applied Polym. Sci., 77 (2000) 1037. 

22. C. Tuncer, O. Sinan, O. Kantoglu, O. Guven, J. Polym. Sci. Polym. Phys., 38 (2000) 2063. 

23. A. K. Bajpai and M. Shrivastava, J. Pure Appl. Chem., A37 (9) (2000) 1069. 

24. B. S. Garg, R. K. Sharma, N. Bhojak, S. Mittal, Microchemical Journal, 61 (1999) 94. 

25. C. Kantipuly, S. Katragadda, A. Chow, H. D. Gesser, Talanta, 37 (1990) 491. 

26. R. E. Wing, W. M. Doane, C. R. Russell, J. Appl. Polym. Sci., 19(3) (1975) 847. 

27. G. S. Chauhan, L. Guleria, R. Sharma, Cellulose, 12 (2005) 97. 

28. G. S. Chauhan, B. Singh, S. Chauhan, S. K. Dhiman, D. Kumar, J. of Appl. Polym Sci., 100 (2006) 1522. 

29. G. S. Chauhan, S. Mahajan, J. Appl. Polym. Sci., 86 (2002) 667. 

30. T. Caykara, S. Kiper, G.K. Demirel, European Polymer Journal, 42 (2006) 355. 

31. T. Caykara, I. Akcakaya, European Polymer Journal, 42 (2006) 1445. 

32. S. Kiatkamjornwong, P. Suwanmala, Journal of Applied Polymer Science, 68 (1998) 203  

33. I. Recai C. Tuncer, O. Cengiz, J. Polym. Sci., 36 (7) (2001) 1451. 

34. E. Karadag, D. Saraydin, O .Güven, Sep. Sci. Technol. 30 (1995) 3747. 

35. G. S. Chauhan, S. Chauhan, K. Chauhan, U. Sen, J. Appl. Polym. Sci., 99 (2006) 3040. 

36. M. Sen, O. Guven, Polymer 39 (1998) 1165. 

37. P. J. Flory Principles of polymer chemistry. Ithaca (NY): Cornell University Press;  1953. 

38. T. Norisuye, N. Masui, Y. Kida, D. Ikuda, Kokufuta E, Ito S, et al. Polymer43 (2002) 5289. 

39. James H. M., E. Guth, J. Polym Sci. 1949;4:153.  

40. A. Richard, Gemeinhart, J. Chen, H. Park, K. J. Park, Biomater. Sci. Polym.  Ed., 11 (2000) 1371. 

41. K. Sugasaka, S. Katoh, N. Takai, H. Takahashi, Y. Umezawa, Sep. Sci. Technol. 16 (1981) 971. 

List of abbreviations and symbols used 

AAm                         Acrylamide 

APS                          Ammonium per sulphate 

-cl-                           Crosslinked 
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-co-                          Copolymer 

f                               Salt sensitivity 

mM                          Millimoles per litre 

N,N-MBAAm         N, N-Methylene bisacrylamide 

N-VP                      N-vinyl pyrrolidone 

ppm                        Parts per million 

Ps                           Percent swelling 

qe                            Adsorption capacity [Uranyl ions adsorbed (mgg-1)] 
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