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Abstract 
The aim of this work is to study the 
characterization of ion exchange in important 
characteristics (i.e., breakthrough time and 
exchange capacity) by investigation the 
performance of cation exchange column 
subjected to makeup solution in term of three 
different parameter (i.e., bed depth 5-45cm, 
NaCl  salt concentration100-2000 ppm and 
feed flow rate 9.5-26.5l/h). 
    Two second order polynomial model are 
proposed with Box Wilson composite rotatable 
design. The experimental result had shown an 
efficient performance of using ion exchange 
column with strong acid cation exchange 
resin in fluidized mode operation which given 
maximum breakthrough time and higher 
exchange capacity means the rate of 
exchange is very rapid to completed the 
removing of all undesired ions at a condition 
of low bed depth, high NaCl concentration 
and high feed flow rate. 
Keywords: Fluidization, Ion Exchange  

Introduction 
Ion exchange is a process in which mobile ion 
from an external solution are exchanged from 
ions that are electro statically bound to the 

functional group contained within a solution 
matrix. Ion exchange is widely used technique 
for separation of ion from different solution 
where the process is required for the treatment 
effluent of the cases that ion to be removed exists 
at very low concentration together with other 
ions.(International Atomic Energy Agency 2002) 
Fluidized bed which consist of up flow column 
containing resin represent the perfect way to operate 
column without moving the resin out the column 
where thewater flows up words through the resin 
bed, velocity must be adjusted to obtain the level of 
bed expansion required to allow unrestricted free 
passage of concentrated solution. Resin fills most of 
the volume contained between the upper and lower 
plates that serve to strain and evenly distribute water 
and make the resin uncompressed and free to float 
through the bed during the exchange phase. (Dyer 
and Hudson 1997) The chief advantage of the 
fluidization is that the solid is vigorously mixed by 
the fluid passing through the bed and mixing of solid 
ensures where practically no temperature gradients 
in the bed. Furthermore, the particle is capable of 
giving good quality fluidization that gives high mass 
transfer for that reason, it is important to study the 
characteristics of fluidizing mode operation to give 
better performance.   (Applebaum 1968)               
Sreat and Naden (1987) indicated the operation 

requires that the solution residence time should be as 
short as possible and flow/unit area as high as 
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possible and the solution flow rate must take the 
resin fluidization into account. 
The sample application of such column is the 
conversion of salt of NaCl into an equivalent amount 
of acid by exchange with the hydrogen form of a 
cation exchange resin.  
NaClaq +H-R      Na-R + HClaq    . (1) 
The strong acid resin is regenerated with 
hydrochloric acid and rinsed with demineralized 
water. 
Column performance in these processes is 
commonly described in term    of effluent 
concentration histories or break through curves 
which display the concentration of ion versus time.  
(Rem CO. 2000) 
     A solution of Na+ ions (as NaCl) is passed 
through a column containing AMBERJET 1200H 
cation resin (for exchanging positively charged 
ions) in the form of spherical beads. This resin can 
adsorb Na+ ions from solution and return in 
exchange the same number of H+ ions, so that the 
solution maintains electrical neutrality.  
As the solution passes through the column, it 
becomes more dilute in Na+ and more concentrated 
in H+. Eventually the resin becomes saturated with 
Na+ ions and further exchange ceases, the ion 
exchange process is reversible, so that the resin 
can be regenerated by allowing it to come in 
contact with a strong acid (HCl). 
De Silva (1994) found that separated bed system 
features 98-99% removal with effluent sodium 0.5-
10 ppm, conductivity 2.5-50 µmhos.    
Sreat and Naden (1987) indicated the operation 
requires that the solution residence time should be 
as short as possible and flow/unit area as high as 
possible and the solution flow rate must take the 
resin fluidization into account. 
Macub (2002) suggests that the flow is usually 
continuous but pulsing can also increase the rate of 
mass transfer. A number of systems have used the 
pulsing technology which additionally helped to 
fluidize the resin.  
Streat and Naden (1987) conducted an important 
work on fluidized bed operation they also studied 
the effect of feed flow rate which is usually chosen 
to give a bed expansion of less than 200% . 
because higher flow rate will lead to resin carry 
over. 
Willkes (2002) studied the characteristics of fixed 
and fluidized bed ion exchange with strong acid 
cation exchange column and proposed a model with 
pH effect to study exchange capacity. 

Experimental Design  
The purpose of an experimental design is 

to find the useful relationship between the 
controllable and observed response with minimum 
number of experiments where the analysis of 
experiments will give description for the system. 
(Montgomry1976)  

Box-Wilson composite rotatable design is 
one of statistically experimental design which is a 
series of experiment that have been developed for 
second order response surfaces. 
General form of second model polynomial is 
illustrated by equation: 
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ki = number of variables in the system 
Y = objective function 
The preliminary step is to setup the relationship 
between coded level and corresponding real process 
variable which is required in the determination of 
experimental by the following equation: 
No. of Exp. =2ki+2ki+1  
ki= variable =3 

No of exp. =23+2*3+1=15 
For purposes of estimation of experimental error, the 
center point is usually repeated three times during 
the experiment. (Jeffwn and Hamada 2000) 
Experiments are carried out due to the experience 
of the experiments and the most suitable range of 
the studied condition within a reasonable range to 
determine the fluidizing velocity in order to given 
the operation rang of flow rates (9.5 

 

26.5 l/h), 
bed depth of fluidizing without moving out the 
column      (5 - 45 cm) and the higher range of 
NaCl concentration (100 - 2000 ppm). 
Total No. of exp. =15+3=18 
Variable: 
X1 = Bed depth of cation resin (5- 45 cm) 
X2 = Concentration of NaCl solution  
  (100 - 2000 ppm) 
X3 = Flow rate (9.5 

 

26.5 l/h) 

Experimental Work 
A schematic diagram of experimental apparatus 
employed through this work is shown in figure (1). 
It simply consists of the following parts:  
*The ion exchange column is the principal part 
used in the work, it consist of (Q.V.F) glass pipe of 
i.d (2.45 cm) and height (1.2 m), the column was 
filled with strong acid cation resin of (AMBERJET 
1200 H). The resin was supported inside the 
column by a glass dish welded to the walls of the 
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column on the bottom section; the glass support is 
incorporated with holes of 0.1 mm inside diameter 
placed in a conical shape Teflon   
The column is incorporated with 11(Q.V.F) valves 

of shut-off type, these valves are located in 
different positions in order to coordinate the flow of 
NaCl solution, regenerate solution (HCl) and the 
leaving of deionized water during the different 
steps of process; the valves are shown in a 
schematic diagram in table (1).  
Four plastic vessels are assigned. The first is for 

feed solution  (NaCl), the second is for regenerate 
solution (HCl) acid, the third is for deionized water 
and the fourth is for the resultant solution from the 
column. 
* A dosing pump with a fine adjustment scale of (0-
1000) are used for flow   control with a capacity 
rate of (0-30 l/h) and pressure capacity of (10) bar. 
*A digital pH meter was used in the inlet bed and 
exit for measuring the pH values as function of time  
*NaCl, HCl solutions and deionized water were 
measured separately using a calibrated rotameter 
model1100 type GEC-Elliott. 
*Two stainless steel oil type gauges were used in 
the top and in the bottom of the column to 
determine the pressure drop across the column with 
scale of (0-2) bar with NKS type.  

Experiment procedure 
Exhaustion 
Eighteen experiments shown in tables (2) were 
carried out with different (bed depth, NaCl 
concentration and flow rate). All these runs 
followed the same procedure where NaCl solution 
is pumped via pump (P) from tank (1) into column 
(C) upward in fluidized bed operation until break 
point is happened when no variation of hardness.  

Backwash  
The cation exchanger in column C was washed 

upwardly with a flow rate of 10 bed volumes for 10 
to15 min using deionized water from tank 3 in 
order to remove any particulate material, clear the 
bed of any air pocket or bubble and reclassify the 
resin particle. During the upward flow backwash, 
the resin bed should be expanded in volume from 
50% to 80% of its initial value. 

Regeneration 
Regeneration of the cation exchange is carried out 
by 4% HCl solution. The acid solution is pumped 
from tank T2 through pump (P) into column C 
downward with flow rate of 4 bed volumes. The 
regeneration normally took 75 min.    

Rinse 
Through this step, downward deionized water with 
4 bed volumes is pumped from tank T3 through 
pump P to cation exchange column C. This step 
took 30 minutes which it called slow rinse. 
Then this step is accomplished with downward 
deionizing water of 10 bed volumes from tank T3 

to cation exchange column C. This step took 90 
minutes which it called quick rinse. 

Results and Discussion 
Effect Bed Depth on Breakthrough Time 
The breakthrough time is plotted at figure (2) at 
different bed depths with a flow rate of (9.5 l/h) and 
NaCl concentration of (100ppm), Figure (2) shows 
that the breakthrough time increases with the 
increase of bed depth because longer bed depthgives 
longer mass transfer zone, which mean additional 
opportunity will be available for salt ions to be 
exchanged with the H+ ion in the resin.   
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Fig.(2) Effect of bed depth on breakthrough 
                                       time 

 

Effect of NaCl Concentration on 
Breakthrough Time 
Figure (3) show that the breakthrough time is 
plotted at different salt concentration with bed 
depth (0.45m) and a flow rate (9.5l/h). The figure 
shows that the breakthrough time decreases with 
the increase of NaCl salt concentration, with higher 
concentration the concentration of the ions in the 
solution increases which raises the mass transfer 
rate through the film until it exceeds the diffusion 
rate through the resin beads. Then the diffusion rate 
becomes the controlling factor and the system is 



 

NUCEJ Vol.12 No.1                                                                                          Mohamed ,et.al                   41  

said to exhibit particle controlled kinetics, which is 
a slower process.    

 

Fig. (3) Effect of NaCl concentration on 
breakthrough time 

 

Effect of Flow Rate on Breakthrough 
Time 
The breakthrough time is plotted at figure (4) at 
different flow rates at bed depth of (0.45m) and 
NaCl salt concentration (100ppm), it seem that the 
break through time decreases with the increase of 
flow rate because at lower flow rate there will be 
sufficient contact time for Na+ ions to exchange with 
H+ ions in the resin particles thus the equilibrium is 
established soon. As the flow rate increases 
equilibrium is no longer reached and the mass 
transfer through the film rises until it exceeds the 
diffusion rate through the resin bed.   

0

100

200

300

400

500

600

700

800

900

0 5 10 15 20 25 30
Flow rate (l/h)

B
re

ak
th

ro
ug

h 
T

im
e 

(m
in

)

 

Fig. (4) Effect of Flow Rate on breakthrough 
time 

 

Effect of Bed Depth on Exchange 
Capacity 
The exchange capacity is plotted at figure (5) at 
different bed depths with a flow rate of (26.5l/h) and 
NaCl concentration (2000ppm). It shows that the 
exchange capacity decreases with the increase of bed 
depth this can be explained when bed depth 
decreases it becomes lighter in weight and easier to 
expand and the particles are more vigorously 
agitated by the fluid passing through the bed and the 
mixing of the particle is efficient and more directly 
in contact with the fluid which leads to more mass 
transfer between the resin and Na+ ion thus increases 
the mass transfer zone and increases exchange 
capacity.  
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Fig. (5) Effect of Bed depth on exchange 
Capacity 

 

Effect of NaCl Salt Concentration on 
Exchange Capacity 
The exchange capacity is plotted at figure (6) at 
different salt concentrations at bed depth of (0.05m) 
and flow rate (26.5l/h) this figure shows that the 
exchange capacity increase with the increase of 
NaCl salt concentration It was simple to observe 
that higher NaCl salt concentration leads to greater 
operation capacity as a result of greater reaction 
zone concentration in solution around the resin 
particle. At higher concentrations of NaCl, the 
uptake of Na+ ions might be faster which causes to 
lesser breakthrough time and leads to greater 
adsorption capacity as a result of high mass 
transfer.       

 

Fig. (6) Effect of NaCl concentration on   
Exchange Capacity 

 

Effect of Flow Rate on Exchange 
Capacity 
The exchange capacities is plotted at figure (7) at 
different flow rates at bed depth (0.05m) and NaCl 
salt concentration (2000ppm) this figure shows that 
the exchange capacity increases slightly with the 
increase of flow rate this relation can be explained 
that as flow rate increases the mixing inside the 
column increases which prevents the collocation of 
resin particles in separated package group, which if a 
decreases happens in mass transfer area of the resin 
will lead to decrease total mass transfer and decrease 
exchange capacity.    
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Fig. (7) Effect Flow Rate on Exchange capacity
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Conclusion 
1. Increasing the bed depth leads to long 

breakthrough time. 
2. The break through time decreases with the 

increase of NaCl salt concentration.  
3. The effect of influent flow rate on 

breakthrough time indicates that higher flow 
rate leads to lesser breakthrough time. 

4. Increasing bed depth leads to decreasing the 
exchange capacity on fluidized bed ion 
exchange, because in high bed depth the resin 
collocates and works as package group work 
separately on each other which decreases the 
mass transfer and lower exchange capacity. 

5. As the concentration increases the exchange 
capacity increases because high concentration 
means high concentration gradient in the 
hydraulic film around the resin particle  

6. The exchange capacity increases as flow rate 
increases because high flow rate means more 
bed expansion more fluidizing effect that 
increases the surface area of the mass transfer 
of resin particle and the mass transfer of the 
whole fluidized resin bed leads to increase 
exchange capacity.            
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Figure (1) schematic diagram of system of experimental work
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Table (1) Configuration of valves through service life of ion exchange 

 
       Name of 

Step 
Valves No. 

V1 V2 V3 V4 V5 V6 V7 V8 V9 V10 V11 

Fluidized bed

 

Exhaustion 
O* C**

 

C O C O C C O C O 

Back wash C C O O C O O C O O C 
Regeneration C O C O O C C O O O C 

Rains C C O O O C C O O C O 

      

Table (2) Coded and Real Variables of Experiments to be conducted according to Box- Wilson 
method 

  

Run 
No. 

Coded Variable Real Variable Cation 
Volume 

(ml) 
X1 

 

X2 

 

X3 Bed 
depth 

(cm) 

Conc. of NaCl 
(ppm) 

 

Flow 
rate 
(l/h) 

1 +1 +1 +1 36.5 1598.5 22.9 172 
2 -1 +1 +1 13.4 1598.5 22.9 63.17 
3 +1 -1 +1 36.5 501.5 22.9 172 
4 -1 -1 +1 13.4 501.5 22.9 63.17 
5 +1 +1 -1 36.5 1598.5 13.09 172 
6 -1 +1 -1 13.4 1598.5 13.09 63.17 
7 +1 -1 -1 36.5 501.5 13.09 172 
8 -1 -1 -1 13.4 501.5 13.09 63.17 
9 1.732 0 0 45 1050 18 212.15 

10 0 1.732 0 25 2000 18 117.86 
0 0 1.732 25 1050 26.5 117.86 

12 -1.732 0 0 5 1050 18 23.57 
13 0 -1.732 0 25 100 18 117.86 
14 0 0 -1.732 25 1050 9.5 117.86 
15 0 0 0 25 1050 18 117.86 
16 0 0 0 25 1050 18 117.86 
17 0 0 0 25 1050 18 117.86 
18 0 0 0 25 1050 18 117.86 
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