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ABSTRACT 
 
Seawater desalination is a process of obtaining fresh water from seawater. 
Research on seawater desalination process by using electrodialysis membrane has 
been done. The aim of this research was to determine the ion transport kinetics in 
seawater desalination process with electrodialysis membrane. The research of 
seawater desalination was done in batch process.  The seawater used as raw 
material has 25000-35000 ppm TDS concentration. Time, temperature, and feed 
flow rate variation were used as variables. The value of k obtained was 0.315 × 10-

6 m for 5 cm/sec flow rate at 35°C temperature and 25000 ppm concentration, and 
0.45 × 10-6 m at 35°C temperature and 35000 ppm concentration. The value of 
kinetics of ion transport in electrodialysis membranes is strongly influenced by 
the value of ilim. The value of i is strongly influenced by temperature. The results 
value of k showed that the higher temperature will increase the value of k as well; 
the concentration had significant influence on the value of ilim; the higher 
concentration of salt solution will increase the value of ilim and also increase the 
value of k. 
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INTRODUCTION 
 
Desalination of sea water is the extraction or reduction of 
dissolved salts in seawater (Redjeki, 2004). Seawater 
desalination process is a very challenging problem for 
Indonesia which has a fairly broad ocean. There are several 
methods of sea water desalination widely used today which 
is distillation, evaporation, membrane desalination using 
the reverse osmosis (RO), membrane distillation and 
electrodialysis (ED).  

In this study, a set of tools used electrodialysis 
membrane, with the batch process (Redjeki, 2005). Sea 
water which will be used as raw materials are sea water in 
areas with concentrations of TDS Kenjeran 25000-35000 
ppm. Variables that will be done are: the concentration of 
TDS (Total Dissolved Solid), feed flow rate and operating 
temperature.  

From the formula of the relationship between current (i) 
and temperature (Cammann and Rechnitz, 1976), it can be 

seen that the value of i was strongly influenced by the 
magnitude of the temperature: 

 
i= to (e(1-β).Fn/RT – e-(β.Fn/RT)                                                    (1)   
 
Electric current in the membrane can be obtained from the 
Equation (2) : 

 
  i  =  z D F (cb  -  cm)                                                               (2) 
    (tm  -  tbl ) 

 
From Equation (2) we obtained the price of the transfer 
coefficient(k) is=D/, when the concentration of cation on 
the surface of the membrane(cm) is close to zero(assuming 
no concentration polarization occurs) then Equation (3) is 
obtained: 
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Figure 1. Equipment for electrodialysis process. 

 
 
 
ilim   =  z D F cb/ (tm  -  tbl )                                                   (3) 
 
z F/(tm-tbl )= constants = 1/a, obtained subsequent:   
 
k  =    a  ilim/cb                                                                        (4)                                             
 
The purpose of this study was to determine the kinetics of 
ion transporting the seawater desalination process by 
electrodialysis membrane (Kimura et al.  1987). 
 
 
RESEARCH METHODS 
 
This research was conducted using seawater desalination 
membrane electrodialysis and it was done in batches 
(Redjeki, 2006). Variation of time, temperature and flow 
rate of the feed were used to determine the mechanism of 
ion transport. 
 
 
Raw materials 
 
The sea water used was obtained from Kenjeran beach in 
Surabaya. The raw material was analyzed first at TDS 
levels, TSS.  
 
 
Tool 
 
This research was carried out by using a set of charged 
membrane module tools. These tools consist of a 
membrane module, pump, feed flask, concentrate flask, 
electrode washer flask, power supply and container for 
permeate and concentrated products made from plastic 
poly ethylene. Ion exchange membranes were made of 
cross link copolymerdivinylbenzene (DVB) and poly 
styerene with sulfonate groups for ion exchange, and fourth  

 
 
 
ammonium groups for anion exchanger. Plate-shaped 
membrane was used in this research (Figure 1). 

Further, waste contained in the seawater was first 
filtered and then a pretreatment was performed using 
Microfiltration membranes (Redjeki and Hapsari, 2004). 
Then the seawater was channeled to the electrodialysis 
membrane module by using pump. Flow rate was set 
according to the desired variable with a unidirectional flow 
of electric current. Positive ions were drawn through the 
cation membrane to the negative electrode and negative 
ions moving the opposite direction through the anion 
membrane. In the middle part, the levels of the salt in 
seawater concentration decreased and exited as fresh 
water with a concentration of 1000 ppm. A polar reversal 
and electrode washing was done at a particular time. These 
results were contained and analyzed with conductivity 
meter.  
 
 
RESULTS AND DISCUSSION 
 
Calculation results of ilim(current limit) for a variety of 
variables 
 
The price of ilim was calculated by plotting a graph of 
current against voltage. The current limit (ilim) needs to be 
calculated first because, as pointed out by Redjeki (2007), 
the price of i (current) in the desalination process with 
electrodialysis membrane is quite high. It is necessary to 
find the price of limited i to avoid excess current (i) that 
would dissociate the water too. ilim price were obtained for 
each variable in this research. The result of ilim calculation 
showed that its value increase in accordance with the 
increase value of temperature and concentration 
(Cammann and Rechnitz, 1976). The value for limit current 
was strongly influenced by temperature and the amount of 
concentration. This is in accordance with the nature of 
electrical current, that is, the higher the temperature, the 
higher the current needed. Electric current was also 
strongly influenced by the salt concentration of the 
solution, that is, the higher the salt concentration, the 
higher the current needed to pull the ions toward the 
cathode or anode. 
 
 

Effect of temperature and concentration on the results 
of ilim at a flow rate of 5 cm/s 
 
 Value of ilim at concentration of 30,000 and 35,000 ppm had 
almost the same value, but it had different value at the 
concentration of 25,000 ppm. The higher temperature also 
increase the ilim prices, this is in accordance with the nature 
of electric current from Equation (1), that is, the higher the 
temperature, the higher the currents will be and so does 
with the concentration of salt solution; where the greater 
number of ions are transferred, higher electric current is 
needed (Figure 2).  
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Figure 2. Value of ilim for various temperatures and concentrations 
at a flow rate of 5 cm/s. 

 
 

 
 
Figure 3. Valueof ilim for various temperatures and concentrations at a 
flow rate of 10 cm/s.  

 
 

 
 
Figure 4. Price ilim for various temperatures and concentrations at a 
flow rate of 15 cm/s. 

 
 
 
The effect of temperature and concentration on the 
results of ilim at a flow rate of 10 cm/s 
 
There was similarity on ilim value in all three concentrations 

 
 
 

 
 
Figure 5. Value of k for different temperatures and 
concentrations at a flow rate of 5 cm/s. 

 
 
 

 
 
Figure 6. Value of k for different temperatures and 
concentrations at flow rate 10 cm/s. 

 
 
 

 
 
Figure 7. Value of k for different temperatures and 
concentrations at flow rate of 15 cm/s. 

 
 
 
at 30C and the concentration increased up to 35,000 ppm. 
It is in accordance with the nature of current which is 
strongly influenced by temperature (Figure 3). 
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Figure 7. Value of k for different temperatures and concentrations at 
flow rate of 15 cm/s. 

 
 
 
Effect of temperature and concentration on the results 
of ilim at a flow rate of 15 cm/s. 
 
The value of ilim was similar at concentrations of 25,000 and 
30,000 ppm at a temperature of 25C with flow rate of 15 
cm/s. The value of ilim increased in accordance with 
increasing concentration and it showed that the effect of 
concentrations is significant due to increasing current 
needed. From various value of required flow rate, it was 
seen that temperature and concentration had significant 
influence on ilim whereas, the flow rate had less significant 
influence on it (Figure 4).  

 
 
The results value of k for various variables 
 
Value of k can be calculated after ilim value was obtained 
using the equation: 

 
ilim=zDFcb/(tm-tbl)  
zF/(tm-tbl) =constant=1/a 
 
subsequently we obtained the value of k:  
 
k= ailim/cb 
 
the value Price calculated (k) run on a variety of variables, 
and the effect is seen on each variable.  

 
 
Effect of temperature and concentration on the value of 
k a ta flow rate of 5 cm/s. 
 
Figure 5 showed the value of k at various concentrations 
and temperatures for flow rate of 5 cm/s. The highest value 
of k was at concentration of 30,000 ppm, and increase when 
the temperature increased as well. This is in accordance 
with Equation (4) that the value of k depends on the price 
of ilim, while ilim depends on the temperature.  

 
 
 
Effect of temperature and concentration on the value of 
k at flow rate 10 cm/s. 
 
 
The value of k was increasing when temperature and salt 
concentration were increasing and the highest value of k 
was obtained at concentration of 35,000 ppm and 
temperature of 35C (Figure 6).  
 
 
Effect of temperature and concentration on the value of 
k at flow rate of 15 cm/s. 
 
The value of k at flow rate of 15 cm/s showed that it 
increased when temperature and concentration were 
higher or increased too. Figures 5, 6 and 7 showed that the 
increasing value of k was significantly influenced by 
temperature and salt concentration, but the increase was 
almost the same when the temperature was at 35C and 
concentration at 35,000 ppm. This could be attributed to 
the fact that the current value needed was almost the same 
in that circumstance.  
 
 
CONCLUSION 
 
The value of kinetics of ion transport in electrodialysis 
membranes is strongly influenced by the value of ilim. From 
Equation (1), the value of i is strongly influenced by 
temperature. The results value of k showed that the higher 
temperature will make the value of k to increase as well; 
the concentration had significant influence on the value of 
ilim; the higher concentration of salt solution will increase 
the value of ilim and also increase the value of k. The value of 
k was obtained as follow: 1) 0.315 × 10-6 m for a flow rate at 
5 cm/s, temperature at 35C and concentration at 25,000 
ppm and 2) 0.45 × 10-6 m for temperature at 35C and 
concentration at 35,000 ppm.  
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