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ABSTRACT 

In order to improve the selectivity of anion exchange resin, the surface of gel type anion exchange resin was modified 
with polyethyleneimine (PEI). In the proposed work an attempt to the utilization of commercial anion exchange resin 
modified by adsorption of polyethyleneimine was investigated. Many conditions of modification of anion exchange 
resin surface were studied. The influent parameters on the DOWEX 1X8 resin modification were determined using a 
factorial experimental design. The ion exchange reactions were studied for modified and unmodified resin and electro- 

lyte solutions containing 2
3Cl , NO  and SO4

   . All experiments were performed at constant ionic strength I = 0.3 

mol·L−1 and constant temperature T = 298 K. Ionic exchange isotherms were established for the binary systems: 
2 2

3 4NO SO . 
3 4Cl NO ,Cl SO  and     

4

 The obtained results show that nitrate ion was more sorbed than chloride and 

sulfate. The order of preference for the anions studied in this investigation is: 2
3NO Cl SO    . All the results given 

by this resin were compared with those obtained with the AMX anion exchange membrane. Selectivity coefficients and 
thermodynamic constants for the three binary systems and for the two resins were determined. The modified resin be-
came more selective towards monovalent anions. 
 
Keywords: Resin; Modification; Polyethyleneimine; Factorial Design; Binary System Isotherm; Selectivity Coefficient 

1. Introduction 

Ion exchange resins and membranes are widely used in 
various fields such as electrodialytic concentration of sea- 
water to produce sodium chloride and demineralization 
of saline water. Many studies were carried out, in the last 
years, on the modification of ion exchange resins and 
membranes [1-16]. 

Matsusaki et al. [17] tried to modify the surface of gel- 
type anion exchange resin by adsorption of anionic poly- 
electrolyte in order to change the ion exchange selecti- 
vity of this resin, especially to make the ion exchange of 
divalent anions more difficult. They showed that the ion 
exchange capacity of the modified resin was decreased 
and the rate of ion exchange reaction became slow. Ber- 
bar et al. [18] used anion exchange resin Amberlite IRA 
900 modified with polyethyleneimine to separate nitrate 
and chloride ions. They found that the modified resin be- 
came more selective toward nitrate when the modifica- 
tion was attempted at pH = 9.8 during 3 days.  

Moreover, Amara and Kerdjoudj [19,20] conducted 

several studies on the modification of ion exchange re- 
sins by adsorption of polyethyleneimine in order to sepa- 
rate and recover metal ions from industrial effluents.  

Takata et al. [8] studied the modification of transport 
properties of ion exchange membranes in order to pre- 
pare an excellent monovalent cation permselective mem- 
brane. They observed that after the adsorption of the po- 
lyelectrolyte in membrane surface, the ion exchange ca- 
pacity decreased and the electrical resistance increased.  

In order to improve the ion exchange membrane selec- 
tivity, Guesmi et al. [21] modified the AMX anion ex- 
change membrane by adsorption of polyethyleneimine. 
Obtained results showed that for the modified membrane 
the selectivity towards sulfate ion decreased and the mo- 
dified membrane became more selective towards mono- 
valent anions. 

In this work the examination of adsorption of polye- 
thyleneimine (PEI) on the anion exchange resin is at- 
tempted. An experimental design methodology using 
two-level full factorial design was used to investigate the 
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influence of the principal experimental parameters (ini- 
tial concentration of PEI, molecular weight of the PEI 
and the pH of the solution) on the modification of the 
DOWEX 1X8 resin and then to determine the optimal 
modification conditions.  

Therefore, the present investigation attempts were 
made to study the influence of the adsorption layer of 
PEI on the DOWEX 1X8 resin surface on the ion ex- 
change with the binary systems  3Cl NO ,    
 2

4Cl SO   and  2
3 4NO SO   . The affinity order and 

the values of selectivity coefficients and thermodynamic 
constants will be determined both for the modified and 
unmodified resin. All experiments were carried out at 
constant ionic strength of 0.3 mol·L−1 and at 298 K. 

Ions analyses were performed by ionic chromatogra- 
phy, coupled to a conductimetric detector. 

2. Materials and Methods 

2.1. Reagents 

All experiments were used with a gel-type anion ex- 
change resin DOWEX 1X8 in a chloride form. Polyethy- 
leneimine are used to from modification layer on the sur- 
face of the anion exchange resin. All other reagents used 
were from Sigma Aldrich. 

Polyethyleneimine (PEI) is a polymeric amine having 
chelating properties with various metal ions. It existed as 
a linear or branched structure. It has also good solubility 
in water and suitable molecular weight [16]. The princi- 
pal characteristics of PEI used in this study are given in 
Table 1. 

2.2. Analytical Method 

The amount of polyethyleneimine (PEI) in the solution 
was measured using the UV absorption spectrum of the 
copper-PEI complex. To do this, the solution containing 
PEI was mixed with a cupric sulfate solution. The maxi- 
mum absorption of the copper-PEI complex was located 
at 326 nm [21]. 

The concentrations of different anions in the solution 
were determined by ion chromatography using a Metrohm 
761 compact IC with conductivity detector and chemical 
suppression, 4.6 × 250 mm Metrosep A Supp 1 
(6.1005.300), an eluent of 3 mmol·L−1 sodium carbonate 
at 1 mL·min−1, an injection volume of 20 µL, and a pres- 
sure from 8 to 9 MPa. 
 

Table 1. Principal characteristics of polyethyleneimine. 

Molecular weight 1300 

Specific viscosity 200 - 500 (cP) 

Density 1.08 

2.3. Modification of DOWEX 1X8 Anion  
Exchange Resin 

The anion exchange resin was pretreated with a sodium 
solution; the pretreated resin was thoroughly washed 
with water. The surface of DOWEX 1X8 was modified 
by adsorption of the PEI. Resin was immersed in a stirred 
PEI aqueous solution of the given concentration for 8 
days.  

The influent parameters such as concentration, mole- 
cular weight and pH of the solution; on the DOWEX 
1X8 resin modification were determined using a factorial 
experimental design. 

2.4. Ion Exchange Equilibrium between DOWEX 
1X8 Resin and Electrolyte Solutions  

When equilibrium is reached, the various ions present in 
solution are measured by ion chromatography, and con- 
centrations of the various species present in the resin are 
determined from load balance and mass balance rela- 
tions: 

Load balance in the: 

Resin (r):    
r r

EC i j           (1) 

solution (s):    0 s s
C i j      (2) 

Mass balance in the:  

resin (r):      0s E ss r
m C V i V i m i        (3) 

solution (s):      0 ss r
V j V j m j      (4) 

We also define the equivalent mole fractions of i, 
 sX i  and  rX i  respectively in the solution and in the 

resin by:  

       
0

  and  i is r
s r

E

z i z i
X i X i

C C

 
       (5) 

where, zi is the charge of ion i. 
[i]s is the concentration of the ionic species in solution, 

[i]r is the solute concentration in the resin, CE is the ion 
exchange capacity of the resin and V and m are the vol- 
ume of the solution and the mass of the dry ion exchange 
resin, respectively. 

3. Results and Discussions 

3.1. Effect of the Experimental Parameters on 
the Modification of DOWEX 1X8 Resin  

The objective of this study is to determine the optimal 
conditions for modification of the DOWEX 1X8 anion 
exchange resin. The modification of ion exchange resin 
by adsorption of a polyelectrolyte and in particular by 
simple immersion of the resin in a solution of polyelec- 
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trolyte led us to choose three factors, namely, the initial 
concentration of polyethyleneimine (X1), the molecular 
weight of the polyethyleneimine (X2) and the pH of the 
medium (X3) [22]. 

We studied in this part the influence of these factors 
on the modification of the anionic resin DOWEX 1X8. 
We adopted the methodology of experimental research 
plans through full factorial. Indeed, full factorial designs 
at two levels (minimum (−1) and maximum (+1)) are the 
most simple, they are also the most useful because they 
form the basis of all early study. Level (−1) reflects the 
lowest value that can take the value of the factor studied 
and the level (1) reflects the higher value of the factor. 
These plans are used to calculate the average effect, the 
main effects of factors and their interactions 2 - 2, 3 - 3, 
etc., until the general interaction between k factors. 

To reflect the variation of the experimental responses 
studied in a factorial design 2k (three variables), we use 
the following mathematical model:  

0 1 1 2 2 3 3

1 2 1 2 1 3 1 3 2 3 2 3

1 2 3 1 2 3

Y b b X b X b X

b b X X b b X X b b X X

b b b X X X

   

  



 (6) 

where, Y experimental response, Xi coded variable (−1 or 
+1), bi estimation of the principal effect of the factor i for 
the response Y and bij estimation of interaction effect be- 
tween factor i and j for the response Y. 

The coefficients of the equation model were calculated 
in the experimental field listed in Table 2. The experi- 
mental design and results are given in Table 3. Accord- 
ing to the results obtained, the coefficients of the polyno- 
mial model were calculated using the Nemrod-W Soft- 
ware: 

1 2

3 1 2

2 3 1 2 3

1.319 0.811 0.06

0.655 0.064 0.321

0.043 0.038

Y X X

1 3X X X X X

X X X X X

  
  

 

 (7) 

The effects and interactions of the various investigated 
factors are represented in Figure 1.  

The graphical analysis of this figure shows that the ini- 
tial concentration of polyethyleneimine is very influential 
in changing the DOWEX 1X8, its effect is positive. An 
increase in concentration results in an increase of the 
amount adsorbed polyethyleneimine. The pH of the me- 
dium is the second important factor in the modification 
of the resin studied. Its effect is negative. 

Thus, the increase in pH decreases the amount of ad- 
sorbed polyethyleneimine. The molecular weight PEI has 
a negligible effect on the change. 

There is also an interaction between PEI concentra- 
tions (X1) and the pH (X3) of the solution. Thus, the ef- 
fect of pH depends on the chosen concentration of PEI  

Table 2. Experimental region investigated for the modifica- 
tion of the DOWEX 1X8 resin. 

Experimental field 
Coded  

variables (Xi)
Factors 

(Ui) 
Unit Minimum 

value 
Maximum

value 

X1 [PEI] g·L−1 0.5 1.5 

X2 
Mw 

(PEI) 
g·mol−1 1300 106 

X3 pH - 8.8 10.8 

 

 

Figure 1. Graphical analysis of the effect of concentration of 
PEI, molecular weight of the PEI and the pH of the solution 
on modification of the DOWEX 1X8 resin. 
 
in the experimental field and vice versa. This interaction 
has a negative effect on the response studied. 

According to these results we note that the concentra- 
tion of PEI and the pH of the solution are the most af- 
fected factors on the modification of the resin. In order to 
better interpret these results, we used Pareto analysis [23] 
to calculate the percentage effect of each factor on the 
response, according to the following equation: 


2

2
100 0i

i
i

b
P i

b
  


     (8) 

where bi represents the estimation of the principal effect 
of the factor i for the response. The Pareto graphic analy- 
sis is presented in Figure 2. The graphical analysis of 
this figure shows that the concentration of polyethylenei- 
mine and the pH of the solution are the most important 
fac tors on the adsorption of PEI on the surface of the 
resin DOWEX 1X8, their effect is 88.93% of the studied 
response. In addition, the interaction between these two 
factors is the most important 

The graphical analysis of this figure shows that the 
concentration of polyethyleneimine and the pH of the 
solution are the most important factors on the adsorption 
of PEI on the surface of the resin DOWEX 1X8, their 
effect is 88.93% of the studie  response. In addition, the  d  
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Table 3. Factorial experimental design, experimental plan and results. 

Experimental design Experimental plan 
Experiment number 

X1 X2 X3 U1 U2 U3 
Qads(PEI) (mg·cm−2) 

1 −1 −1 −1 0.5 1300 8.8 4.75 

2 +1 −1 −1 1.5 1300 8.8 20.00 

3 −1 +1 −1 0.5 106 8.8 4.05 

4 +1 +1 −1 1.5 106 8.8 16.66 

5 −1 −1 +1 0.5 1300 10.8 1.00 

6 +1 −1 +1 1.5 1300 10.8 7.40 

7 −1 +1 +1 0.5 106 10.8 1.20 

8 +1 +1 +1 1.5 106 10.8 6.66 

 
Table 4. Humidity percentage and ion exchange capacity 
values for the modified and the unmodified DOWEX 1X8 
resins. 

 

 Unmodified resin Modified resin 

Humidity percentage (%) 38 35 

Ion exchange  
capacity (meq·g−1) 

2.84 2.27 

 
Obtained results show that the ion exchange capacities 

of the modified and unmodified resins did not vary sig- 
nificantly ranging from 2.84 to 2.27 meq·g−1 of dried re- 
sin in the chloride form. Ion exchange capacity decreas- 
es by 20% after modification, which indicates the pres- 
ence of electrostatic interactions between PEI and the 
functional groups of the resin. 

Figure 2. Graphical pareto analysis. 
3.3. Effect of Modification on Ion Exchange 

Equilibrium 
 
interaction between these two factors is the most im- 
portant. These two factors and their interaction bring 
about 98.31% of the response. However, the molecular 
weight of PEI and other interactions have a negligible 
effect; they represent only 1.7% of the studied response. 

Competitive ion exchange reactions were studied for the 
modified and the unmodified resins involving 

2
3 4Cl , NO   and  SO    ions. 

All experiments were carried out at constant ionic 
strength of 0.3 mol·L−1 and at 298 K. The isotherms of 
binary ion exchange were established for the couples 
 3Cl NO  ,  2

4Cl SO   and  2
3 4NO SO 

In the light of these results, the initial concentration of 
this polyelectrolyte and the pH of the solution were fixed 
respectively at the highest value (1.5 g·L−1) and the low- 
est value (pH = 8.8), in order to increase the adsorption 
amount of PEI in the surface of resin. These results were 
also reported by different authors [16,21] where they 
found that the modification of anion exchange membrane 
is more effective with a high concentration and a low pH. 

  and are 
given in Figure 3.  

3.4. Affinity Order 

These isotherms make possible the determination of the 
affinity order of the unmodified and modified resins. The 
obtained results show that nitrate ion was the most sorb- 
ed than chloride and sulfate. 

3.2. Characteristics of the Modified and the  
Unmodified DOWEX 1X8 Resins 

The order of preference for the anions studied in this 
investigation is: 2

3 4NO Cl SO    . Humidity percentage and ion exchange capacity values 
for the modified and the unmodified DOWEX 1X8 resins 
were determined and presented in Table 4.  

In addition, it can be shown that for the modified 
DOWEX 1X8 resin, the sulfate anion affinity decrease  
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(a) 

 
(b) 

 
(c) 

Figure 3. Ion exchange isoterms, resin /systems  3Cl NO   

(a),  2
4Cl SO 

compared with the chloride and nitrate anions. Guesmi et 
al. [24] studied the ion exchange equilibrium between the 
AMX membrane and the same binary systems at a total 
concentration of 0.3 mol·L−1. They found that the modi- 
fied membrane became more selective for the monova- 
lent anions than the bivalent anions. Amara and Kerd- 
joudj [19,20] conducted several studies on the modifica- 
tion of ion exchange resins by adsorption of polyethyle- 
neimine in order to separate and recover metal ions from 
industrial effluents, they found that after the modification, 
ion exchange resins became more selective for the mo- 
novalent ions. 

3.5. Selectivity Coefficients and  
Thermodynamics Constant 

According to the ion exchange reaction given by Equa- 
tion (9):  

  (b) and  2
3 4NO SO   (c), I = 0.3 mol.L−1 

and T = 298 K. 

a b a bz z z
b r a s b s a rz A z B z A z Bz      

The thermodynamic equilibrium constant is related to 
the selectivity coefficient by the following equation: 

 
 

 
 

a bz z

r sB B
A A

s r

B A
K K

B A

 
 

  
       

   


  (10) 

where  s i  and  r i  are the activity coefficients of 
ion i in the solution and in the resin, respectively. 

The activity coefficients in the solution were deter- 
mined according to the extended Debye-Hückel model as 
given in Equation (11): 

 
2

log
1

i
s i

i

Az I
i b

Ba I



 


I     (11) 

where A and B are the Debye-Hückel constants, I is the 
ionic strength for aqueous solution, zi the charge of the 
ionic species and ai is the hydrated ionic radius of ion i.  

The activity coefficients in the resin phase (Equations 
(12) and (13)) were calculated using the Wilson equa- 
tions [25]:  

 

    
 

   
 

   

1 ln

exp

r r A

r
r

r r AB

r BA

r r BA

X A X B

X A
A

X A X B

X B

X B X A



B

 
    
 
  

  
 

    

   (12) 

 

    
 

   
 

   

1 ln

exp

r r B

r
r

r r BA

r AB

r r AB

X B X A

X B
B

X B X A

X A

X A X B



A

 
    
 
  

  
 

    

   (13) 
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where AB and BA are the Wilson binary interaction pa- 
rameters  

Selectivity coefficients will be given in our study from 
the quantity of counter-ions in the solution and the resin. 
Selectivity coefficients for the binary systems 
 3Cl NO ,   2

4Cl SO   and  2
3 4NO SO  



 were cal- 
culated from experimentally measured concentrations as 
described below. Table 5 summarizes the selectivity co- 
efficients and thermodynamics constant of these studied 
systems for the modified and unmodified resins. 

The values obtained show that for the modified DOWEX 
1X8 resin, the selectivity coefficients for the studied bi- 
nary systems decrease compared with those correspond- 
ing to the unmodified DOWEX 1X8 resin. These results 
show an improvement of the selectivity. 

Thermodynamic equilibrium constants  B
AK  are gre- 

ater than selectivity coefficients  B
AK  similarly for the 

modified resin and unmodified one. The influence of 
ionic strength is more important in ion exchange systems 
when bivalent ions are involved [26]. 

4. Conclusion 

In order to determine the optimal experimental condi- 
tions for the modification of the DOWEX1X8 anionic 
resin, the experimental design methodology has been adop- 
ted in this study. Factorial design results show that the 
main influent parameters of the adsorption of PEI on the 
surface of the resin were the initial concentration and the 
pH of the solution.  

Selectivity coefficients 
2 2

3 4 4

3

NO SO SO

Cl 2Cl 2NO
,  and  K K K

  

    were 

determined and decreased after modification. Thermo- 
dynamic constants were determined. These results show 
that the modification of the resin surface improves the 
selectivity towards monovalent anions. 
 
Table 5. The selectivity coefficients and thermodynamics 
constant values for the modified and unmodified resin at 
25˚C. 

 Systems A/B 
B

AK  B

AK  

 3Cl NO   5.77 6.67 

 2

4Cl SO   0.07 0.14 
DOWEX 1X8 
unmodified 

 2

3 4NO SO 
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