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A B S T R AC T

Membrane capacitive deionization (MCDI) is a promising technology for desalination with 
the potential of lowering energy consumption and treatment cost. In this paper, batch mode 
experiments were carried out to evaluate the charge effi ciency of the MCDI process. Specifi cally, 
charge effi ciency is a very functional tool to examine the double layer structure inside of porous 
electrode. The results show that the charge effi ciency in MCDI is a function of both cell voltage 
and solution conductivity. Specifi cally, it was found that the charge effi ciency was proportional 
to cell voltage while inversely to solution conductivity. The maximum charge effi ciency (0.55) 
in MCDI was far less than one, indicating the high transient resistivity between membrane and 
carbon electrodes.
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1. Introduction

Desalination has emerged as an effective approach to 
overcome the water shortage worldwide [1–6]. MCDI is 
a promising desalination technology that may lower the 
energy demand compared to more established technolo-
gies such as reverse osmosis or thermal distillation [7]. 
MCDI is a modifi cation of capacitive deionization (CDI) 
by integrating ion-exchange membranes/polymers into 
the CDI unit. Specifi cally, ion exchange membranes are 
added in front of porous carbon electrodes and thereby 
the salty ions are freely and selectively electrosorbed 
onto cathode and anode under direct voltage [8–11]. The 
membrane introduced in this process has the advantages 
of both minimizing the co-ions (ions of equal polarity as 
the electrode) expulsion effect to increase the removal 
capacity and improving the regeneration by means of 

fully releasing the counter ions back to the solution with 
a reverse voltage (Fig. 1(a)). Thus, MCDI is a very energy-
effi cient desalination technology (energy consumption 
<1 kWh m−3) by compared with current reverse osmo-
sis (2.9–3.7 kWh m−3) or thermal distillation (4 kWh m−3) 
technologies in which the water is removed instead of 
ions [7]. To achieve the optimum ion adsorption capacity, 
the nanocarbon materials with high specifi c surface area 
and superior bulk conductivity, such as carbon aerogel 
and carbon nanotube (CNTs), are often employed as elec-
trodes for CDI and MCDI as well [12–16].

However, the exact role of electrical voltage during 
adsorption is still unclear. Besides, how to elucidate 
the CDI performance of diverse carbon materials with 
a reliable parameter, are not very clear either because 
of limited effective parameters during electrosorption 
[17–21]. Charge effi ciency, defi ned as the ratio of adsorp-
tion capacity (mol g−1) over charge (C g−1), is thought 
to be a functional tool to examine the electrical double 
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