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Abstract The present paper involves application of nondestructive radioactive tracer 

technique in characterization of Dowex 550A LC and Indion-820 anion exchange resins. The 

characterization study was based on kinetic of exchange reactions between inactive 

iodide/bromide ions on the resins with radioactive iodide/bromide ions in the solution. 

During iodide exchange reaction performed at a constant temperature of 40.00C, using 1.000 

g of ion exchange resins and labeled iodide ion solution of concentration 0.003 mol/L, for 

Dowex 550A LC resin the specific reaction rate and initial rate of ion exchange was 0.271 

min-1 and 0.141 mmol/min respectively, while the amount of iodide ions exchanged was 

0.522 mmol, and log Kd was calculated to be 12.1. The above values calculated for Dowex 

550A LC resin was higher than the respective values of 0.108, 0.330, 0.036 and 6.0 as 

obtained for Indion-820 resins. Similar results were obtained for the two resins during 

bromide exchange reactions, thereby indicating superior performance of Dowex 550A LC 

resin over Indion-820 resins.  

Keywords: non destructive technique; radioactive isotopes; Indion-820; Dowex 550A LC; ion-

isotopic exchange reaction. 

Introduction  

Ion exchange technology has been applied for many years in nuclear fuel cycle operations 

and other activities involving the treatment of radioactive liquids (1). In nuclear power plants 

ion exchange technology is widely applied in- primary coolant (water) purification, treatment 

of primary effluents and fuel storage pond water, steam generator blow-down 

demineralization, for treatments of liquid waste and drainage water, purification of boric acid 

for recycling, condensate polishing (for nuclear power plants with boiling water reactors) (2-

8). Ion exchange materials can be categorized according to their suitability for different 

applications. Nuclear grade ion exchange resins are normally used when liquids from primary 

circuits or fuel pools are purified. Nuclear grade ion exchangers are similar to commercial 

grade resins but have a tighter specification for particle size and composition. The used resins 

can be restored to the original ionic form by eluting the absorbed radioisotopes with 

appropriate solutions and can be reused for a number of treatment cycles. The continuous 

efforts are made to develop new ion exchangers for their specialized applications in nuclear 

industries (9-14) and different aspects of ion exchange technologies have been continuously 

studied to make them more economical and efficient in number of industrial applications (15-

18). However since the type of ion exchange material to be selected in any of the 

technological application is based on the requirement of the system and also on their 
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performance in particular separation process, it is believed that the data based on actual 

experimental trials will be more significant. Hence it is important to carry out the systematic 

evaluation of such ion exchange resins in order to understand their performance under 

various operational conditions. Such types of evaluation will further help in the 

characterization of different ion exchange resins.  

Although literature study reveals existence of wide range of ion exchange characterization 

techniques (19-21), but the technique involving use of radioactive tracer isotopes are more 

interesting mainly because of their detection sensitivity which is very high. The radio 

isotopes used are physico-chemically compatible with the material under study and can be 

detected in-situ (22, 23). As a result radioisotopes are widely applied in almost all industrial 

sectors (22, 23) and literature also shows extensive scope of radiotracer methodology (24-30). 

Considering the extensive technological application of radioactive tracer isotopes, attempts 

are made in the present study to use the same technique in order to trace the kinetics of ion-

isotopic exchange reactions in Dowex 550A LC (nuclear grade) and Indion-820 (non-nuclear 

grade) anion exchangers. It is believed that the results of present study will be useful in 

characterization of these resins as well as in standardization of the process parameters in 

order to bring about the efficient use of the resins in various industrial applications. 

2. Experimental  

2.1 Ion exchange resins Dowex 550A LC is a gel Type I strongly basic nuclear grade anion 

exchange resins in hydroxide form having quaternary ammonium functional group (by Dow 

Chemical Company, Midland, Michigan) while Indion-820 is a macroporous strong base 

anion exchange resin in chloride form (by Ion Exchange India Ltd., Mumbai). The 

information regarding physico-chemical properties of the resins are given in Table 1.  

Table 1. Properties of ion exchange resins  

Ion 

exchange 

resin 

Matrix Functional 

Group 

Particle 

Size 

(mm) 

Moisture 

content 

(%) 

Operating 

pH 

Maximum 

operating 

temperature 

(°C) 

Total 

exchange 

capacity 

(mEq./mL) 

 

  Dowex 

550A LC 

 

Styrene-

DVB 

 

-N+R3 

 

 

0.3-1.2 

 

 

63 

 

0-14 

 

60 

 

1.1 

 

Indion-820 
 

Polystyrene 

Copolymer 

-N+R3 

 

0.3-1.2 

 

50 0-14 40 1.1 
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2.2 Treatment of Ion exchange resins The resins were equilibrated separately with 10 % KI / 

KBr solution in an ion exchange column in order to convert them to required iodide / bromide 

form.  The loosely adsorbed iodide/bromide ions on the resins were removed by washing 

them with double distilled water. These conditioned resins were placed in desiccators over 

P2O5 and dried at room temperature.  

2.3 Radioisotopes The radioactive isotopes used for the study was supplied by Board of 

Radiation and Isotope Technology (BRIT), Mumbai, India. The information regarding the 

isotopes used in our study is given in Table 2. 

Table 2. Properties of 131I and 82Br tracer isotopes (22) 

Isotopes Half-life Radioactivity 

/ mCi 

 

γ- energy 

/ MeV 

 

Chemical 

form 

 

Physical 

form 

 
131I 8.04 d 5 0.36 Iodide* Aqueous 

82Br 36 h 5 0.55 Bromide** Aqueous 
* Sodium iodide in dilute sodium sulphite. 

** Ammonium bromide in dilute ammonium hydroxide 

2.4 Kinetics of active and inactive iodide ion exchange reaction 131I radioactive solution was 

used to label 250 mL (V) of 0.001 mol/L iodide ion solution placed in a stoppered bottle. The 

labeling of iodide ion solution by using 131I as a radioactive tracer isotope was done using a 

micro-syringe and the radioactivity was measured by using γ -ray spectrometer having NaI 

(Tl) scintillation detector. The labeling was done in such a way that 1.0 mL of labeled 

solution will have radioactivity of about 15,000 cpm (counts per minute). It was observed that 

the concentration of labeled solution remains unchanged since only μL of the radioactive 

iodide ion solution was used for labeling. The same was confirmed by potentiometer titration 

against silver nitrate solution. The labeled iodide ion solution of known initial radioactivity 

(Ai) was placed in a water bath which was previously adjusted to 30.0 °C. The 1.000 g (m) of 

dry, freshly conditioned resins in iodide form was equilibrated with labeled iodide ion 

solution. The mechanical stirrer was used to stir the solution and the radioactivity of 1.0 mL 

equilibrated solution was measured at a fixed interval of every 2.0 min. After measuring the 

radioactivity, the solution was transferred to the bottle having labeled solution. The exchange 

reaction between inactive and radioactive iodide ions can be represented as: 

                            R-I + I*-
(aq.) R-I* + I-

(aq.)                                                        [1] 

Here R represents resin phase; I*-
(aq.) represents labeled radioactive iodide ions in aqueous 

solution. 
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The solution was equilibrated for three hours which was sufficient time to attain the 

equilibrium (31-35). After the period of three hours, the final radioactivity (Af) of the solution 

was again measured. The background counts were subtracted from the measured radioactivity 

to give corrected radioactivity.    

The experiments were performed in the similar way by equilibrating ion exchange resins in 

iodide form (1.000g) with radioactive iodide ion solution of different concentrations up to 

0.004 mol/L by keeping temperature constant at 30.0 °C. The experimental sets were 

performed for different temperatures up to 45.0 °C.  

2.5 Kinetics of active and inactive bromide ion exchange reaction The study was also 

performed to understand the kinetics of active and inactive bromide ion exchange reactions 

by equilibrating ion exchange resin in bromide form (1.000 g) with radioactive bromide ion 

solution in the same way as explained above. For labeling the bromide ion solution, 82Br 

radioactive isotope was used and the procedure adopted for labeling was same as explained 

above. The exchange reaction between inactive and radioactive bromide ions can be 

represented as: 

                   R-Br + Br*-
(aq.) R-Br* + Br - (aq.)                                               [2] 

Here R represents resin phase; Br*-
(aq.) represents radioactive labeled bromide ions in aqueous 

solution.
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Table 3. Concentration effect on Ion-Isotopic Exchange Reactions 
  
Amount of ion exchange resin = 1.000 g 
Volume of labeled ionic solution = 250 mL 
Temperature = 40.0 0C 
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0.002 0.500 0.260 0.336 0.087 11.5 0.099 0.216 0.021 5.6 0.215 0.279 0.060 9.9 0.087 0.178 0.015 2.5 
0.003 0.750 0.271 0.522 0.141 12.1 0.108 0.330 0.036 6.0 0.224 0.427 0.096 10.4 0.095 0.270 0.026 3.1 
0.004 1.000 0.288 0.710 0.204 12.9 0.119 0.448 0.053 6.5 0.245 0.576 0.141 11.0 0.106 0.386 0.041 3.6 
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Table 4. Temperature effect on Ion-Isotopic Exchange Reactions 
  

Amount of ion exchange resin = 1.000 g 
Concentration of labeled exchangeable ionic solution = 0.003 mol/L 
Volume of labeled ionic solution = 250 mL 
Amount of exchangeable ions in 250 mL labeled solution = 0.750 mmol 
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Figure 1: Kinetics of ion-isotopic exchange reactions 
 
Amount of ion exchange resin = 1.000 g, Concentration of labeled exchangeable ionic solution = 0.003 mol/L, 
Volume of labeled ionic solution = 250 mL, Temperature = 40.0 0C 
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Figure 2: Variation in percentage ions exchanged with concentration of labeled ionic 
solution 
 
Amount of ion exchange resin = 1.000 g, Volume of labeled ionic solution = 250 mL, Temperature = 40.0 0C 
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Figure 3: Variation in percentage ions exchanged with temperature of labeled ionic solution 
 
Amount of ion exchange resin = 1.000 g, Concentration of labeled exchangeable ionic solution = 0.003 mol/L, 
Volume of labeled ionic solution = 250 mL, Amount of exchangeable ions in 250 mL labeled solution = 0.750 
mmol 
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Figure 4: Correlation between concentration of iodide ion solution and amount of iodide ion 
exchanged  
 
Amount of ion exchange resin = 1.000 g, Volume of labeled ionic solution = 250 mL, Temperature = 40.0 0C 
 
Correlation coefficient (r) for Dowex 550A LC =0.9998 
Correlation coefficient (r) for Indion-820= 0.9999 
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Figure 5: Correlation between concentration of bromide ion solution and amount of bromide 
ion exchanged 
 
Amount of ion exchange resin = 1.000 g, Volume of labeled ionic solution = 250 mL, Temperature = 40.0 0C 
 
Correlation coefficient (r) for Dowex 550A LC =1.0000 
Correlation coefficient (r) for Indion-820= 0.9984 
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Figure 6: Correlation between temperature of exchanging medium and amount of iodide ion 
exchanged  
 
Amount of ion exchange resin = 1.000 g, Concentration of labeled exchangeable ionic solution = 0.003 mol/L, 
Volume of labeled ionic solution = 250 mL, Amount of exchangeable ions in 250 mL labeled solution = 0.750 
mmol 
 
Correlation coefficient (r) for Dowex 550A LC =-0.9845 
Correlation coefficient (r) for Indion-820= -0.9886 
 
  

0,25

0,3

0,35

0,4

0,45

0,5

0,55

0,6

0,65

30 35 40 45 50

Am
ou

nt
 o

f I
od

id
e 

io
ns

 e
xc

ha
ng

ed
 (m

m
ol

) 

Temperature (0 C) 

Dowex 550A LC Indion-820

© 2013, P.U. Singare 
diffusion-fundamentals.org 19 (2013) 4, pp 1-21

13



 
 

 
 
 
 

 
 
 
 
Figure 7: Correlation between temperature of exchanging medium and amount of bromide 
ion exchanged  
 
Amount of ion exchange resin = 1.000 g, Concentration of labeled exchangeable ionic solution = 0.003 mol/L, 
Volume of labeled ionic solution = 250 mL, Amount of exchangeable ions in 250 mL labeled solution = 0.750 
mmol 
 
Correlation coefficient (r) for Dowex 550A LC =-0.9863 
Correlation coefficient (r) for Indion-820= -0.9896 
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3. Results and Discussion 

 3.1 Comparative study of iodide and bromide ion-isotopic exchange reactions In the 

present study it was observed that the activity of solution decreases rapidly initially due to the 

rapid ion-isotopic exchange reaction, further the activity of the solution decreases slowly due 

to the slow ion-isotopic exchange and near the end it remains nearly constant. Therefore a 

composite curve of log activity against time was obtained in which the activity of solution 

decreases sharply in the initial stages and thereafter the activity decreases very slowly giving 

nearly straight line (Figure 1). The graph indicates simultaneous taking place of rapid and 

slow ion-isotopic exchange reactions. The straight line of the composite curve when 

extrapolated back to zero time gives the contribution of slow process to the total activity 

which now includes rapid process also. The activity due to rapid process was obtained by 

subtracting the activity due to slow process from the total activity at different intervals of 

time. The specific reaction rates (k) of rapid ion-isotopic exchange reaction were calculated 

from the activity exchanged due to rapid process at various time intervals. From the amount 

of exchangeable ions in 250 mL of solution and knowing the initial and final activity of 

solution; amount of iodide / bromide ions exchanged (mmol) on the resin were obtained. The 

initial rate of ion exchanged (mmol/min) was calculated from the knowledge of amount of 

ions exchanged on the resin (mmol) and the specific reaction rates  

(min-1).  

            Because of smaller solvated size of iodide ions as compared to that of bromide ions, it 

was observed that the exchange of iodide ions occurs at the faster rate than that of bromide 

ions. Hence under similar experimental conditions, the higher values of specific reaction rate 

(min-1), amount of ion exchanged (mmol) and initial rate of ion exchange (mmol/min) where 

obtained for iodide ion-isotopic exchange reactions as compared to that for bromide ion-

isotopic exchange reactions (Tables 3 and 4). For both the ion-isotopic exchange reactions, 

under similar experimental conditions, the values of specific reaction rate observed to 

increases with the ionic concentration (Table 3). However, the same values were observed to 

decrease with hike in temperature (Table 4). Thus in case of Dowex 550A LC at 40.00C when 

the concentration of iodide and bromide ions in solution was raised from 0.001 to 0.004 

mol/L, the specific reaction rate values for iodide ion-isotopic exchange increases from 0.248 

to 0.288 min-1, while for bromide ion-isotopic exchange the values increases from 0.203 to 

0.245 min-1. Similarly in case of Indion-820, during iodide ion-isotopic exchange under same 

experimental conditions, the values increases from 0.091 to 0.119 min-1, while for bromide 

ion-isotopic exchange the values increases from 0.080 to 0.106 min-1. However when the 
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0.003 mol/L concentration of iodide and bromide ions in solution was kept constant and with 

rise in temperature from 30.0 0C to 45.0 0C, in case of Dowex 550A LC the specific reaction 

rate values for iodide ion-isotopic exchange decreases from 0.291 to 0.257 min-1, while for 

bromide ion-isotopic exchange the values decreases from 0.251 to 0.216 min-1. Similarly in 

case of Indion-820, under same experimental conditions, the iodide ion-isotopic exchange 

specific reaction rate values decreases from 0.132 to 0.099 min-1, while for bromide ion-

isotopic exchange the values decreases from 0.118 to 0.086 min-1. From the results, it appears 

that bromide ions exchange at the slower rate as compared to that of iodide ions which was 

related to the extent of solvation (Tables 3 and 4). 

                From the knowledge of initial activity (Ai), final activity (Af), volume of the 

external ion solution (V) and mass of resin (m), the Kd value was calculated by the equation 

Kd = [(Ai - Af) / Af] x V / m                           (3)  

Previous studies [36, 37] on halide ion distribution coefficient on strong and weak basic 

anion exchange resins indicate that the selectivity coefficient between halide ions increased at 

higher electrolyte concentrations. Adachi et al. [38] observed that the swelling pressure of the 

resin decreased at higher solute concentrations resulting in higher Kd values. The dependence 

of Kd values on temperature using cation exchange resin was studied by Shuji et al. [39]; 

were they observed that the values of Kd increases as the temperature is decreased. The 

results of present experimental also indicates that the Kd values for bromide and iodide ions 

increases with increase in ionic concentration, however the Kd values were found to decrease 

with rise in temperature. Thus in case of Dowex 550A LC at 40.00C when the concentration 

of iodide and bromide ions in solution increases, the values of log Kd for iodide ions 

increases from 10.1 to 12.9, while for bromide ions the values increases from 8.9 to 11.0. 

Similarly in case of Indion-820, under same conditions of experiment, the values of log Kd 

for iodide ions rises from 5.1 to 6.5, while for bromide ions the values increases from 2.0 to 

3.6. However when the concentration 0.003 mol/L of iodide and bromide ions solution is kept 

constant and temperature is increased from 30.0 0C to 45.0 0C, in case of Dowex 550A LC 

the log Kd values for iodide ions decreases from 13.3 to 11.8, while for bromide ions the 

values decreases from 11.3 to 10.0. Similarly in case of Indion-820, under same conditions of 

experiment, the values of log Kd for iodide ions decreases from 7.5 to 5.7, while for bromide 

ions the values decreases from 4.3 to 2.8.  It was also observed that the Kd values for iodide 

ion-isotopic exchange reaction were calculated to be higher than that for bromide ion-isotopic 

exchange reaction (Tables 3 and 4).  
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3.2 Comparative study of Dowex 550A LC and Indion-820 anion exchange resins From the 

results presented in Table 3 and 4, it is observed that during iodide ion-isotopic exchange 

reaction by using Dowex 550A LC resin, the values of specific reaction rate (min-1), amount 

of iodide ion exchanged (mmol), initial rate of iodide ion exchange (mmol/min) and log Kd 

were 0.271, 0.522, 0.141 and 12.1 respectively, which was higher than 0.108, 0.330, 0.036 

and 6.0 respectively as that obtained by using Indion-820 resins under identical experimental 

conditions of 40.00C, 1.000 g of ion exchange resins and concentration of labeled iodide ion 

solution 0.003 mol/L. The similar trend was indicated for the two resins during bromide ion-

isotopic exchange reaction.  

         From Table 3, it is observed that at a constant temperature of 40.0 0C, with increase in 

concentration of labeled iodide ion solution, the iodide ions exchanged percentage increases 

from 65.10 % to 71.00 % using Dowex 550A LC resins and from 42.20 % to 44.80 % using 

Indion-820 resins. Similarly in case of bromide ion-isotopic exchange reactions under 

identical conditions of experiment, the bromide ions exchanged percentage increases from 

52.70 % to 57.60 % using Dowex 550A LC resin and from 33.80 % to 38.60 % using Indion-

820 resin. The effect of ionic concentration on percentage of ions exchanged is graphically 

represented in Figure 2. 

        From Table 4, it is observed by using 0.003 mol/L labeled iodide ion solution, as the 

temperature increases from 30.0 0C to 45.0 0C, the percentage of iodide ions exchanged 

decreases from 72.00 % to 67.60 % using Dowex 550A LC resins and from 45.70 % to 43.60 

% using Indion-820 resins. Similarly under identical experimental conditions, in case of 

bromide ion-isotopic exchange reactions, the bromide ions exchanged percentage decreases 

from 59.80 % to 54.30 % using Dowex 550A LC resin and from 40.90 % to 34.80 % using 

Indion-820 resin. The effect of temperature on percentage of ions exchanged is graphically 

represented in Figure 3.  

The overall results indicate that under identical experimental conditions, as compared to 

Indion-820 resins, Dowex 550A LC resins shows higher percentage of ions exchanged. Thus 

Dowex 550A LC resins show superior performance over Indion-820 resins under identical 

operational parameters. 

3.3 Statistical analysis The results of present investigation show a strong positive linear 

correlation between amount of ions exchanged and concentration of ionic solution (Figures 4, 

5). In case of iodide ion-isotopic exchange reaction, the respective values of correlation 

coefficient (r) for Dowex 550A LC and Indion-820 resins were calculated as 0.9998 and 
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0.9999, while in case of bromide ion-isotopic exchange reaction, the r values was calculated 

as 1.0000 and 0.9984 respectively for the two resins.  

There also exist a strong negative correlation between amount of ions exchanged and 

temperature of exchanging medium (Figures 6, 7). In case of iodide ion-isotopic exchange 

reactions the values of r calculated for Dowex 550A LC and Indion-820 resins were -0.9845 

and -0.9886 respectively. Similarly in case of bromide ion-isotopic exchange reactions the r 

values calculated were -0.9863 and -0.9896 respectively for the two resins. 

4. Conclusion 

The experimental work carried out in the present investigation will help to standardize the 

operational process parameters so as to improve the performance of selected ion exchange 

resins. The radioisotopic tracer technique used here can also be applied further for 

characterization of different nuclear as well as non-nuclear grade ion exchange resins. 

Acknowledgement 

The author is thankful to Professor Dr. R.S. Lokhande (Retired) for his valuable help and 

support by providing the required facilities so as to carry out the experimental work in 

Radiochemistry Laboratory, Department of Chemistry, University of Mumbai, Vidyanagari, 

Mumbai -58. 

© 2013, P.U. Singare 
diffusion-fundamentals.org 19 (2013) 4, pp 1-21

18



 
 

References 

1. Application of Ion Exchange Processes for the Treatment of Radioactive Waste and Management of Spent 

    Ion Exchangers, International Atomic Energy Agency, Technical Reports Series No. 408, IAEA, Vienna 

    (2002). 

2. Narbutt, J., Bilewicz, A., Bartoś, B., Siwiński, J., Application of new composite ion exchangers for the 

    removal of radionuclides from the primary coolant of water reactors in Coolant technology of water  

    cooled reactors (Vol. 1, pp. 102-107). IAEA-TECDOC-667, (1992). 

3. Narbutt, J., Bilewicz, A., Bartoś, B., Composite ion exchangers: Prospective nuclear applications, Journal  

    of Radioanalytical and Nuclear Chemistry, 183(1), 27-32 (1994). 

4. Ju ,Y.H., Webb, O.F., Dai, S., Lin, J.S., Barnes, C.E., Synthesis and Characterization of Ordered  

    Mesoporous Anion-Exchange Inorganic/Organic Hybrid Resins for Radionuclide Separation, Ind. Eng.    

    Chem. Res., 39 (2), 550–553 (2000). 

5. Bond, A.H., Gula, M.J., Harvey, J.T., Duffey, J.M., Horwitz, E.P., Griffin, S.T., Rogers, R.D., Collins,  

    J.L., Flowsheet Feasibility Studies Using ABEC Resins for Removal of Pertechnetate from Nuclear  

   Wastes, Ind. Eng. Chem. Res., 38 (4), 1683–1689 (1999). 

6. Bond, A.H., Chang, F.W.K., Thakkar, A.H., Williamson, J.M., Gula, M.J., Harvey, J.T., Griffin, S.T.,  

    Rogers, R.D., Horwitz, E.P., Design, Synthesis, and Uptake Performance of ABEC Resins for the 

    Removal of Pertechnetate from Alkaline Radioactive Wastes, Ind. Eng. Chem. Res., 38 (4),1676–1682  

    (1999). 

7. Navratil, J.D., Ion Exchange Technology in Spent Fuel Reprocessing, Journal of Nuclear Science and  

    Technology, 26(8) 735-743 (1989). 

8. Kaczvinsky, J. R., Fritz, J. S., Walker, D. D., Ebra, M. A., Synthesis and development of porous chelating 

     polymers for the decontamination of nuclear waste, Journal of Radioanalytical and Nuclear Chemistry, 

     91(2), 349-360 (1985). 

9.  Tomoi, M., Yamaguchi, K., Ando, R., Kantake, Y., Aosaki, Y., Kubota, H., Synthesis and thermal 

     stability of novel anion exchange resins with spacer chains, J. Appl. Poly. Sci., 64(6), 1161 – 1167 (1997) 

10. Zhu, L., Liu, Y., Chen, J., Synthesis of N-Methylimidazolium Functionalized Strongly Basic Anion 

      Exchange Resins for Adsorption of Cr (VI), Ind. Eng. Chem. Res., 48 (7), 3261–3267 (2009). 

11.  Hassan, K.F., Kandil, S.A., Abdel-Aziz, H.M., Siyam, T., Preparation of Poly (Hydroxamic Acid) for  

       Separation of Zr/Y, Sr System, Chromatography Research International, 2011, Article ID 638090, 6 

       Pages (2011). 

12.  Patel, S.A., Shah, B.S., Patel, R.M., Patel, P.M., Synthesis, Characterization and Ion exchange 

       Properties of Acrylic Copolymers Derived from 8-Quinolinyl Methacrylate, Iranian Polymer Journal, 

       13(6), 445-453 (2004). 

 

© 2013, P.U. Singare 
diffusion-fundamentals.org 19 (2013) 4, pp 1-21

19

http://pubs.acs.org/action/doSearch?action=search&author=Lin%2C+J.+S.&qsSearchArea=author
http://www.tandfonline.com/loi/tnst20?open=26#vol_26
http://www.tandfonline.com/toc/tnst20/26/8
http://www.akademiai.com/content/105692/?p=98ed3f4aeb624516845069de6c378c82&pi=0
http://www.akademiai.com/content/g8r5x6166256/?p=98ed3f4aeb624516845069de6c378c82&pi=0


 
 

13.  Liu, H., Zhang, S., Nie, S., Zhao, X., Sun, X., Yang, X., Pan, W., Preparation and characterization of a 

        novel pH-sensitive ion exchange resin, Chem. Pharm. Bull. (Tokyo), 53(6), 631-633 (2005). 

14.  Masram, D.T., Kariya, K.P., Bhave, N.S., A Novel Resin Sef: Synthesis, Characterization and Ion-  

       Exchange Properties, Applied Science Segment: 1(1) APS/1513 (2010). 

15.  Kumaresan, R., Sabharwal, K. N., Srinivasan, T. G., Vasudeva Rao, P. R., Dhekane, G., Evaluation of  

       New Anion Exchange Resins for Plutonium Processing, Solvent Extraction and Ion Exchange, 24(4),  

      589 –602 (2006).  

16. Deborah, L. S., Nazila, K., Douglas, B.K., James, A. D., Evaluating ion exchange resin efficiency and  

      oxidative capacity for the separation of uranium (IV) and uranium (VI), Geochemical Transactions, 14:1 

      (2013).  

17. Samanta, S.K., Ramaswamy, M., Misra, B.M., Studies on cesium uptake by phenolic resins, Sep.Sci. 

      Technol., 27, 255–267(1992). 

18. Samanta, S.K., Theyyunni, T.K., Misra, B.M., Column behavior of a resorcinol-formaldehyde  

      polycondensate resin for radiocesium removal from simulated solution, J. Nucl. Sci. Technol.32, 425– 

      429 (1995). 

19. Singru, R.N., Thermogravimetric and Spectroscopic Analysis of 8-Hydroxyquinoline 5-Sulphonic Acid- 

     melamine-formaldehyde Polymer Resin-IV, ISRN Thermodynamics, 2012, Article ID 323916, 8 pages 

     (2012). 

20. Harland, C.E., Ion Exchange, DOI: 10.1039/9781847551184-00049, ISBN: 978-0-85186-484-6, 

      eISBN: 978-1-84755-118-4, 2nd Edition, RSC Publishing, UK, pp.49-89, (1994). 

21. Singru, R.N., Synthesis, characterization and thermal degradation studies of copolymer resins p-cresol- 

      oxamide-formaldehyde, Archives of Applied Science Research, 3 (5):309-325, (2011). 

22. Sood, D.D., Reddy, A.V.R., Ramamoorthy, N., Applications of Radioisotopes in Agriculture and 

      Industry, in Fundamentals of Radiochemistry, Indian Association of Nuclear Chemists and Allied  

      Scientists (IANCAS), pp.289-297, January 2004. 

23. Radiotracer Applications in Industry — A Guidebook, Technical Reports Series No.423, IAEA, Vienna  

      (2004). 

24. Clark, M.W., Harrison, J.J., Payne, T.E., The pH-dependence and reversibility of uranium and thorium 

      binding on a modified bauxite refinery residue using isotopic exchange techniques, Journal of Colloid 

      and Interface Science, 356(2), 699-705 (2011).  

25. Dagadu, C.P.K., Akaho, E.H.K., Danso, K.A., Stegowski, Z., Furman, L., Radiotracer investigation in  

      Gold leaching tanks, Applied Radiation and Isotopes, 70(1), 156–161(2012). 

26. Koron, N., Bratkic, A., Ribeiro Guevara, S., Vahcic, M., Horvat, M., Mercury methylation and reduction 

      potentials in marine water: An improved methodology using 197Hg radiotracer, Applied Radiation and 

      Isotopes, 70(1), 46-50 (2012). 

© 2013, P.U. Singare 
diffusion-fundamentals.org 19 (2013) 4, pp 1-21

20

http://www.informaworld.com/smpp/title~content=t713597298~db=all~tab=issueslist~branches=24#v24


 
 

27. Meng, X., Weiguo, L., An improved method of ion exchange for nitrogen isotope analysis of water 

      nitrate, Analytica Chimica Acta, 686 (1), 107-114 (2011). 

28. Randriamanantsoa, L., Morel, C., Rabeharisoa, L., Douzet, J.M., Jansa, J., Frossard, E., Can the isotopic 

      exchange kinetic method be used in soils with a very low water extractable phosphate content and a high 

      sorbing capacity for phosphate ions? Geoderma, 200, 120-129 (2013).  

29. Mochizuki, K.,  Munakata,K.,  Wajima,T.,  Hara,K., Wada,K., Shinozaki,T., Takeishi,T., Knitter, R., 

      Bekris, N., Okuno, K., Study of isotope exchange reactions on ceramic breeder materials deposited with 

      noble metal, Fusion Engineering and Design, 85 (7) 1185-1189 (2010). 

30. Li, Z., Chansaenpak, K., Liu, S., Wade, C.R., Conti, P.S., Gabbaï, F.P., Harvesting 18F-fluoride ions in 

      water via direct 18F– 19F isotopic exchange: radiofluorination of zwitterionic aryltrifluoroborates and in  

      vivo stability studies, MedChemComm , 3 (10) 1305-1308 (2012). 

31. Singare, P.U., Lokhande, R.S., Studies on Ion-Isotopic Exchange Reactions Using Nuclear Grade Ion  

     Exchange Resins, Ionics, 18(4), 351–357 (2012). 

32. Lokhande, R.S., Singare, P.U., Comparative Study on Ion-Isotopic Exchange Reaction Kinetics by  

     Application of Tracer Technique, Radiochim. Acta, 95(03), 173-176 (2007). 

33. Lokhande, R.S., Singare, P.U., Patil, V.V., Application of Radioactive Tracer Technique to Study the 

     Kinetics and Mechanism of Reversible Ion-Isotopic Exchange Reaction using Strongly Basic Anion 

     Exchange Resin Indion -850, Radiochemistry, 50(06), 638-641 (2008). 

34. Lokhande, R.S., Singare, P.U., Comparative Study on Iodide and Bromide Ion-Isotopic Exchange  

      Reactions by Application of Radioactive Tracer Technique, J.Porous Mater, 15(03), 253-258 (2008). 

35. Lokhande, R. S., Singare, P. U., Dole, M. H., Comparative Study on Bromide and Iodide Ion-Isotopic 

      Exchange Reactions Using Strongly Basic Anion Exchange Resin Duolite A-113, J. Nuclear and 

      Radiochemical Sciences, 7(02), 29-32 (2006). 

36. Heumann, K.G., Baier, K., Chloride distribution coefficient on strongly basic anion-exchange resin: 

      Dependence on co-ion in alkali fluoride solutions, Chromatographia, 15(11), 701-703 (1982). 

37. Singare, P.U., Lokhande, R.S., Patil, V.V., Prabhavalkar, T. S., Tiwari, S. R. D., Study on Distribution 

      coefficient of Bromide ions from Aqueous Solution on Ion Exchange Resins Indion-850, Indion-860 and 

      Indion FF-IP, European J. Chemistry, 1(1), 47-49 (2010). 

38. Adachi, S., Mizuno, T., Matsuno, R., Concentration dependence of the distribution Coefficient of malto 

      oligosaccharides on a cation-exchange resin, J. Chromatogr. A, 708, 177-183 (1995). 

39. Shuji, A., Takcshi, M., Ryuichi, M., Temperature Dependence of the Distribution Coefficient of Malto 

      oligosaccharides on Cation-exchange Resin in Na+ Form, Biosci. Biotechnol. Biochem., 60(2), 338-340  

      (1996). 

 

© 2013, P.U. Singare 
diffusion-fundamentals.org 19 (2013) 4, pp 1-21

21


	7. Navratil, J.D., Ion Exchange Technology in Spent Fuel Reprocessing, Journal of Nuclear Science and
	Technology, 26(8) 735-743 (1989).
	12.  Patel, S.A., Shah, B.S., Patel, R.M., Patel, P.M., Synthesis, Characterization and Ion exchange
	Properties of Acrylic Copolymers Derived from 8-Quinolinyl Methacrylate, Iranian Polymer Journal,
	13(6), 445-453 (2004).
	13.  Liu, H., Zhang, S., Nie, S., Zhao, X., Sun, X., Yang, X., Pan, W., Preparation and characterization of a
	novel pH-sensitive ion exchange resin, Chem. Pharm. Bull. (Tokyo), 53(6), 631-633 (2005).
	14.  Masram, D.T., Kariya, K.P., Bhave, N.S., A Novel Resin Sef: Synthesis, Characterization and Ion-
	Exchange Properties, Applied Science Segment: 1(1) APS/1513 (2010).
	16. Deborah, L. S., Nazila, K., Douglas, B.K., James, A. D., Evaluating ion exchange resin efficiency and
	oxidative capacity for the separation of uranium (IV) and uranium (VI), Geochemical Transactions, 14:1
	(2013).
	20. Harland, C.E., Ion Exchange, DOI: 10.1039/9781847551184-00049, ISBN: 978-0-85186-484-6,
	eISBN: 978-1-84755-118-4, 2nd Edition, RSC Publishing, UK, pp.49-89, (1994).
	27. Meng, X., Weiguo, L., An improved method of ion exchange for nitrogen isotope analysis of water
	nitrate, Analytica Chimica Acta, 686 (1), 107-114 (2011).
	28. Randriamanantsoa, L., Morel, C., Rabeharisoa, L., Douzet, J.M., Jansa, J., Frossard, E., Can the isotopic
	exchange kinetic method be used in soils with a very low water extractable phosphate content and a high
	sorbing capacity for phosphate ions? Geoderma, 200, 120-129 (2013).
	29. Mochizuki, K.,  Munakata,K.,  Wajima,T.,  Hara,K., Wada,K., Shinozaki,T., Takeishi,T., Knitter, R.,
	Bekris, N., Okuno, K., Study of isotope exchange reactions on ceramic breeder materials deposited with
	noble metal, Fusion Engineering and Design, 85 (7) 1185-1189 (2010).
	30. Li, Z., Chansaenpak, K., Liu, S., Wade, C.R., Conti, P.S., Gabbaï, F.P., Harvesting 18F-fluoride ions in
	water via direct 18F– 19F isotopic exchange: radiofluorination of zwitterionic aryltrifluoroborates and in
	vivo stability studies, MedChemComm , 3 (10) 1305-1308 (2012).
	36. Heumann, K.G., Baier, K., Chloride distribution coefficient on strongly basic anion-exchange resin:
	Dependence on co-ion in alkali fluoride solutions, Chromatographia, 15(11), 701-703 (1982).
	38. Adachi, S., Mizuno, T., Matsuno, R., Concentration dependence of the distribution Coefficient of malto
	oligosaccharides on a cation-exchange resin, J. Chromatogr. A, 708, 177-183 (1995).
	39. Shuji, A., Takcshi, M., Ryuichi, M., Temperature Dependence of the Distribution Coefficient of Malto
	oligosaccharides on Cation-exchange Resin in Na+ Form, Biosci. Biotechnol. Biochem., 60(2), 338-340
	(1996).




