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The extent of electrochemically enhanced ion-exchange was predicted by calculating the 

corrected selectivity quotient from the chemical exchange results and equating this to the 

change in composition of the exchange medium. The change in composition of the 

exchange medium was calculated by knowing the initial conditions, less the number of 

ions electrochemically removed from the medium. 

 

 

The corrected selectivity quotient, KE, calculated from the chemical exchange results is 

defined as: 
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where the a terms denote the activities of Na+ and H+ in the exchange medium. The 

activity coefficients for sodium acetate were taken from literature,[13] whereas for acetic 

acid the Debye-Hückel limiting law was used to calculate the corresponding parameter, 

due to the weak nature of the acid.[14] The expression provided by Glueckauf was used to 

correct for the mixed composition of the solution.[15] The ionic equivalent fractions 

within the zeolite and concentration of Na+ in the exchange media were measured by 

ICP-AES. ENa is determined directly and, given that no other ions are present, EH is 

found. The chemical equilibrium values for 2.5 wt % NaY in 0.02 M acetic acid are 

[Na+]  = 0.0171 M, [H+] = 5.9 × 10-4 M, ENa = 0.789 and EH = 0.211. The activity 

coefficient of the sodium acetate in the presence of acetic acid, γ±NaAc,m , was found to be 

0.889. The activity coefficient for acetic acid in the presence of sodium acetate, γ±HAc,m ,  

was calculated as 0.928. This gives a corrected selectivity quotient of 7.43. 

 

 The pH of the exchange media was treated as constant throughout the experiments as 

acetic acid functioned as a buffer. The concentration of H+ was therefore calculated from 

the dissociation constant of acetic acid. 

 



The total concentration of Na+, [Na+]T,i, in the exchange medium and the zeolite, was 

calculated from the amount of zeolite added to the exchange medium and the percentage 

of Na+ in the zeolite (where the sample volume, Vsample, is known). The total final 

concentration of Na+, [Na+]T,f, of the aqueous phase after electrochemical removal of Q 

coulombs of charge was calculated by subtracting the number of moles of charge from 

the initial concentration of Na+: 
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The extent of ion exchange after electrochemical transfer of Na+ was then predicted by a 

process of iteration using KE, [Na+]T,f and fixing [H+] as constant. 

 

e.g. when Q = 3.8 C ,then [Na+]T,f  = 0.0717 M, Km(E) = 7.74 and [H+] = 0.00059 M: 

 

Estimated 

EH 

ENa 

=(1-EH) [Na+]/M [H+]/M 

γ±NaAc,m γ±HAc,m Estimated 

K  K 

0.265 0.735 0.0121 0.0006 0.904 0.936 7.41 7.43

 

 

  


