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A B S T R AC T

The Donnan membrane equilibrium experiments using two compartment cell have been car-
ried out to understand the effect of speciation on the transport behavior of mercury ion through 
Nafi on-117 ion-exchange membrane. The mercury ions have been observed to rapidly perme-
ate to Cl− side from Hg(NO3)2 solution, showing the extraordinary preference of mercury ions 
for Cl− ion in aqueous solution. On the other hand, from HgCl2 solution, slow permeation of 
mercury ions through the membrane has been observed. Also the transport of mercury ion 
from HgCl2 solution has been found to be higher than expected based on Donnan membrane 
equilibrium principle considering the ionic concentration of HgCl2 calculated using speciation 
diagram. This has been attributed to the leakage of neutral HgCl2 molecules through the mem-
brane. The leakage of neutral HgCl2 species through Nafi on-117 membrane has been confi rmed 
in different cationic forms of the membrane. An attempt has been made to determine the con-
centration of cationic mercury species in aqueous HgCl2 solution using conditions of Donnan 
membrane equilibrium. The total cationic mercury species has been found to be higher than 
that predicted by speciation calculations.
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1. Introduction

Techniques such as precipitation, ion-exchange, 
reverse osmosis and adsorption are employed for the treat-
ment of wastewater containing mercury [1,2]. Donnan 
dialysis and chelation in combination with ultrafi ltra-
tion are also considered to be potential techniques for 
removal of mercury from waste water treatment [2]. 
Studies on the effect of speciation of mercury on its 
transport behavior through ion-exchange membranes 
are important for designing such separation processes. 

Among mercury salts, HgCl2 has received special atten-
tion due to its appreciable solubility in water and its 
high toxicity [3]. Literature indicates that it mostly exists 
as neutral HgCl2 molecule [4]. On the other hand, mer-
cury exists as Hg2+ ion in acidic Hg(NO3)2 solution due 
to its ionic nature and hydrolyzes at higher pH.

Ion-exchange membranes allow counter-ions to 
pass through while co-ions are excluded from the mem-
brane. Thus, they can act as a separator between two 
electrolyte solutions. This property of ion-exchange 
membranes is utilized in the ion-exchange based sepa-
ration processes such as Donnan dialysis and electro-
dialysis [5]. Nafi on-117 is an poly(perfl uorosulfonic) 
acid ion-exchange membrane having PTFE backbone 
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