
A J CSIAN OURNAL OF HEMISTRYA J CSIAN OURNAL OF HEMISTRY
https://doi.org/10.14233/ajchem.2023.30234

INTRODUCTION

The global increase in industrialization and quick develop-
ment resulting from the industrial revolution has led to a conti-
nuous rise in the output of wastewater. This has necessitated
the implementation of stringent laws and has created a highly
competitive environment. However, industries have already
taken more environmentally sustainable and economically
feasible actions, such as wastewater reuse and recycling. Most
of the industrial-sector effluent discharges, such as metal grin-
ding, welding, steel production, plating and mining, are critical
polluting sources of heavy metals in soil and water [1,2]. This
has contributed remarkably to the increase in the concentration
of harmful heavy-metal ions in waters that could be a source
of some dangerous disadvantages for aquatic flora, animals
and even humans [3,4].

Environmental agencies and authorities have set strict
regulations to limit heavy metals in wastewater below the maxi-
mum acceptable concentration levels because of their health
and toxicological effects. These strict regulations have accele-
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rated research into new environmental friendly technologies
that can reduce concentrations of heavy metals in the waste-
water discharged to be below the maximum to low limit [5].

The standard methods to remove heavy metals from aqueous
solutions are reverse osmosis, ultrafiltration, chemical precip-
itation, adsorption and ion exchange [6-12]. Among these heavy
metal removal processes, the ion exchange process (IEX) seems
to be very effective in reducing the concentration of heavy metals
because it is environmentally friendly, economically viable,
selective, less sludge volume produced and meets restricted
discharge specifications and the ion exchange resin can be
quickly recovered and reused by regeneration operation [13].
The ion exchange process process involves transferring a solid
matrix, which releases ions of the same charge [14].

Toxic metals damage the plasma cell membrane system in
reverse osmosis. The interaction of heavy metals and memb-
rane functional groups disrupt the membrane’s integrity. The
sulphhydryl groups of proteins and the hydroxyl part of phos-
pholipids are easily bounded by metal ions [15]. They can also
replace the calcium ions at essential sites on the cell membranes

https://orcid.org/0000-0003-3406-2915
https://orcid.org/0000-0002-7863-5167
https://orcid.org/0000-0002-3984-293X
https://orcid.org/0000-0003-2968-8390
https://orcid.org/0000-0003-3406-2915
https://orcid.org/0000-0002-7863-5167
https://orcid.org/0000-0002-3984-293X
https://orcid.org/0000-0003-2968-8390


[16]. The ionic equilibrium and hence the functions of numerous
enzymes essential for primary cell metabolism are disrupted
as a result of this procedure, which increases non-specific mem-
brane permeability while simultaneously decreasing particular
transporting activities.

The regeneration ion exchange resin is conducted to reuse
the exhausted resin to its normal ionic phase. It is usually regen-
erated with highly concentrated electrolyte solutions (NaCl
or HCl). Several researchers have reviewed this regeneration
technology’s applications in different areas [17]. When all the
available Na+ ions have been replaced by calcium or magnesium
ions, the resin must be re-charged by eluting the Ca2+ ions using
a solution of sodium chloride or sodium hydroxide, depending
on the type of resin used. The waste waters eluted from the
ion exchange column containing the unwanted calcium and
magnesium salts are typically discharged to the sewerage system.

The ion exchange resins have several commercial and
industrial uses, particularly in water purification and removal
of ions at very low concentrations in chemical processes [18].
Polymeric resins having strongly acid sulfonic or weakly acid
carboxylic functionalities are usually used in ion exchange
processes [19,20]. The exchange of Ca2+ and Mg2+ from LiHCO3

was studied with Amberjet 1200 Na+. Applications of polymeric
resins containing iminodiacetate have been investigated from
aqueous solutions to recover Ca2+ and Mg2+ [21-23]. Studies
have used exchange resin such as Ca2+ removal and magnesium
adsorption [24]. The results show that polymeric resin has proved
effective in removing heavy metals. Ion exchange resins are
generally insoluble polymeric materials manufactured using
suspension polymerization using styrene and divinylbenzene
(DVB) that carry ion exchangeable functional groups. These
ions can be exchanged with stoichiometrically equivalent amo-
unts of the same sign.

Response surface methodology (RSM) is a collection of
mathematical and statistical techniques useful for the modeling
and analysis of problems in which several variables influence
a response of interest and the objective is to optimize this resp-
onse [25]. The current study examined the feasibility of using
ion exchange resin to remove Ca2+ and Mg2+ and its regene-
ration efficiency. The effect of pH, temperature, contact time
and amount of resins was investigated using response surface
methodology (RSM).

EXPERIMENTAL

All the solutions were prepared using analytical grade
chemicals and deionized water was used throughout the experi-
ments.

Experimental analysis: The experiments carried out in
this study were conducted using Amberjet 1200 and Amberlite
IR 120 resins. These experiments were carried out by varying
the set points conditions of process variables, noting the
outcomes and analyzing their effects on removal percen-tages
of heavy metals.

Characterization: Ion exchange resins viz. Amberjet 1200
and Amberlite IR 120 were obtained from Dow Chemicals,
South Africa. Both resins were washed three times with solutions
of, respectively, 1.0 mol/HCl and 1.0 mol/NaOH before it was

used to remove possible organic and inorganic impurities. It
was then washed with distilled water and converted to H+ from
Na+ by flushing in the fixed bed with 1.0 mol/L HCl. The resin
H+ form will be washed with water and be used throughout the
experiment.

Preparation of stock solutions: The solution of Ca2+ with
a concentration range of 400-800 mg/L and Mg2+ with a concen-
tration range of 100-400 mg/L were prepared by dissolving an
analytical grade of CaCl2·2H2O and MgCl2·6H2O, respectively.
Stock solutions of 1000 mg/L of Ca2+ and Mg2+ were prepared
by dissolving 2.998 g of CaCl2·2H2O and 3.654 g of MgCl2·
6H2O in 1 L of deionized water.

Experimental setup: Column experiments were performed
using a glass tube of 3 cm diameter and 28 cm height. The
schematic diagram of the experimental setup is shown in Fig.
1. The ion exchange process was carried out in column systems,
which consists of a vertical column packed with exchange resins
through which the feed solution was continuously pumped into
the column.

Inlet line

Peristaltic pump

Stock solution Treated solution

Effluent outlet

Resins

Ion exchange 
column

Fig. 1. Experimental setup for ion exchange column

Experimental procedure: A graduated 200 mL beaker
measuring cylinder was used to measure the amount of Amberjet
1200 and Amberlite IR 120 resins. The resins were transferred
to a resin testing glass column of 3 cm diameter; the column
was used as an ion exchange (IEX) column throughout the
laboratory scale experimental procedure. The stock solutions
were continuously pumped from the glass beaker into the top
of IEX column.

A hot plate stirrer controlled the reaction temperature.
The pH of the reaction mixture was determined using a pH
electrode inserted in the solution and connected to a pH 200
1/8DIN pH controller. The controller has a specific pH range
of pH 0.01. When the pH exceeded the set value, the pump
was activated to add acid to the reaction vessel and lower the
pH value to the set point. A sample was removed, filtered and
analyzed for calcium and magnesium ions using the atomic
absorption spectrophotometer (AAS).
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Regeneration of the ion exchange resin is used to recover
the ion exchange capabilities of exhausted resins. In this study,
preliminary experiments were conducted to evaluate the regen-
eration capacity of the resins by using 0.5 M NaCl in the
exchange column. After each run, the column was regenerated
by 0.5 M NaCl as a stripping solution. After the stripping stage,
the column was then washed with deionized water. The percen-
tage removal of Ca2+ and Mg2+ from aqueous solution by
Amberjet 1200 and Amberlite IR 120 resins was calculated
according to eqn. 1:

i f

f

C C
Removal (%) 100

C

−= × (1)

where Ci and Cf are the initial and final concentrations (mg/
L), respectively.

Design experiments: Response surface methodology
(RSM) evaluates the interactions between the system variables
and the variable response [26]. Based on past studies, the process
variables that mainly affect the system’s efficiency and perfor-
mance, such as contact time (min), concentration (mg/L), resins
dosage (mL), temperature (K) and pH, were investigated. There-
fore, the influence of these reaction conditions on the removal
of Ca2+ from cooling tower water was investigated using RSM.
The experimental design used in the current study was the full
factorial with axial points. It was selected due to its ability to
examine the results, changing several variables simultaneously,
thereby revealing the interdependency of the variables. While
this design is complex, the advantages are it is less costly and
less time-consuming.

Table-1 shows the factorial design setup consisting of five
variables (k = 5) and the coded variables, determined by using
eqn. 1, were set at five levels: -1 (minimum), 0 (central) and
+1 (maximum). After conducting the experiments according
to the experimental matrix (Table-1), response surface mode-
ling was conducted by applying the central composite design
(CCD), using Design Expert® Software of Stat-Ease Inc. (version
6.0.6), to model and optimize the reaction conditions.

o
i i

i
i

z z
x

z

 −=  ∆ 
(2)

where xi is the coded level, ∆zi is the distance between the actual
value at the central point and the real value in the low or high
level of a variable (step change), zi is the real value and zi

o is
the real value in the central point.

TABLE-1 
SURFACE RESPONSE METHODOLOGY  

EXPERIMENTAL RANGE AND LEVELS OF  
VARIABLES CHOSEN FOR THIS STUDY 

Levels 
Variable Coding 

-1 0 1 
Contact time (min) A 30 75 120 
pH B 2 4 7 
Concentration (mg/L) C 400 600 800 
Dosage (mL) D 50 100 150 
Temperature (K) E 273 308 343 
 

In CCD, the major operating parameters contact time (A),
pH level (B), concentration (C), dosage (D) and temperature
(E) were considered as independent variables, whereas Ca2+

removed in % were used as variables of response for Amberlite
IR1200 and Amberjet 120. A sequential model fitting test was
conducted to select a suitable model. A second-order poly-
nomial model (eqn. 3) was used to fit the data found from the
32 experiments. Analysis of variance (ANOVA) was used to
attain the interaction between the process variables and the
response parameter, determine the statistical significance and
reliability of each term in the polynomial model and determine
the graphical analysis of the data. The regression coefficients
in the polynomial equation were used to produce 3D surface
response and contour plots. The process variables were optim-
ized by solving the regression equation and graphical analysis
of the data.

k k k2
o i i ii i ij i ji 1 i 1 1 i j

y x x x x e
= = ≤ ≤

= β + β + β + β +   (3)

where βo is the constant term, k is the number of variables, xi

symbolizes the variables, e is the residual error observed in
the response and βi signifies the coefficients of the linear vari-
ables; βy signifies the coefficients of the interaction parameters
and xixi represents the interaction between the different variables.

RESULTS AND DISCUSSION

Table-2 shows the experimental response for both Amberlite
IR 1200 and Amberjet 120 and the combination of the respective
system variables. The highest % Ca2+ removed for Amberlite
IR1200 and Amberjet 120 were found to be 99.65 and 99.36%,
while the lowest % Ca2+ were 25.63 and 21.56.

Stat-Ease Inc’s Design Expert® Program was used to deter-
mine the expected using the final empirical second-order model
(eqns. 4 and 5) regarding coded variables. Although there was a
slight deviation in some other experimental runs, the predicted
values showed a sufficient correlation to the experimental
values. Several models were fitted with the experimental data
(cubic, quadratic and linear). Through their subsequent ANOVA,
however, it was found that the empirical second-order model
best described the removal of Ca2+ from cooling tower water
using both resins.

YCa (Amberlite) = 94.54 + 2.13 A – 2.57B –
3.28 C + 1.29 D + 1.18 E – 2.75 B2 – 2.01 AD –
1.59 BC – 1.60 B D + 0.82 DE (4)

YCa (Amberjet) = 97.19 – 3.62 B + 1.50D + 3.10E –
4.16D2 + 3.92BC + 2.42BE – 1.13CE (5)

Contact time (min), pH, concentration (mg/L), dosage
(mL) and temperature (K) are expressed by A, B, C, D and E,
respectively. The positive sign suggests a synergistic effect; in
eqns. 4 and 5, the negative sign indicates an antagonistic effect.

The ANOVA and the significance test were used to assess
the adequacy of the empirical second-order model. The signi-
ficance method was used to determine the statistical second-
order model’s regression coefficients. The ANOVA test has
been used to determine the importance of the second-order
statistical model [26]. The evaluation was performed by asses-
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sing the probability value (P) and the Fisher test (F) for each
model coefficient of regression. The meaning of the process
variables interaction is defined by the Fisher test, thus forming a
correlation between the process variables interaction [27]. F value
of 24.04 and P value < 0.0001 for Amberlite (Yca) (Table-1) and
F value of 17.31 and P value < 0.0001 for Amberjet (Yca) (Table-
2) suggests that the model was suitable in the analysis of the
experimental data. Prob > F values below 0.0001 show that the
terms of the model are significant. Therefore, model terms with
P-values below 0.05 are considered statistically significant.

In Tables 3 and 4, an analysis of variance (ANOVA) was
performed to illustrate the effect of each variable, and the results
are presented below. The P-value was found to be 0.14 for Y
(Amberjet) due to lack of fit, suggesting that it was statistically
insignificant (Table-3). However, the P value for Y (Amberlite) was
0.0493, showing that it was statistically significant (Table-4).
The determination coefficient (R2) for Y(Amberlite) and Y(Amberjet)
were found to be 0.937 and 0.913, respectively which means
that both the Y(Amberlite) and Y(Amberjet) models can describe 93.7%
and 91.3% of the variations found in the response variable,
while the residual variability is 6.3% and 8.7%, respectively [28].
The most ineffective variables were the correlations between
the contact time/concentration (AC) and pH/temperature (BE)
for Y(Amberlite), with the F value of 0.099 and 0.080, respectively.

In contrast, Y (Amberjet) ineffective variables resulted in an F
value of 0.03 for the correlations between contact time/temper-
ature and concentration/dosage.

Fig. 2a-b shows the good linear correlations, normal distri-
bution and independence of experimental errors between the
actual and predicted % Ca2+ removal calculated from eqns. 4
and 5. Random scatter indicates the proper arrangement between
the predicted and experimental data, meaning that this model
best fits the relationship between the system variables.

Three-dimensional (3D) surface response: Through
plotting 3D response surface plots, the interaction between
system variables can be better understood. These 3D surface
plots are the graphical demonstrations of the second-order
empirical model established. They help to analyze the inter-
action between the process variables and determine the optimum
of each level [29].

Interaction of contact time and pH: The circular nature
of contour plots in Figs. 3a and 4a demonstrate a significant
interaction between contact time and pH on removing Ca2+ from
cooling tower water. Figs. 3b and 4b show that the two variables
significantly remove Ca2+ using both Amberlite IR 1200 and
Amberjet 1200. It was observed that there was an increase in
% removal of Ca2+ from 65.5 to 95.2 (Fig. 3a) using Amberlite
IR120 and 67.36 to 96.32 (Fig. 4a) using Amberjet 1200 with

TABLE-2 
EXPERIMENTAL DESIGN AND RESPONSE VALUES 

Run A: Contact time 
(min) 

B: pH C: Conc. 
(mg/L) 

D: Dosage 
(mL) E: Temp. (K) 

% Ca 
(Amberlite) 

% Ca 
(Amberjet) 

1 120.00 7.00 800.00 50.00 273.00 88.08 82.27 
2 30.00 2.00 400.00 150.00 273.00 93.41 97.80 
3 75.00 4.50 400.00 100.00 308.00 98.44 96.98 
4 120.00 2.00 800.00 150.00 273.00 91.83 91.25 
5 75.00 4.50 600.00 100.00 308.00 94.33 95.75 
6 75.00 4.50 600.00 100.00 273.00 92.45 96.22 
7 75.00 4.50 600.00 100.00 308.00 94.24 98.31 
8 75.00 4.50 800.00 100.00 308.00 88.19 93.69 
9 30.00 4.50 600.00 100.00 308.00 92.25 97.11 

10 120.00 7.00 400.00 150.00 273.00 90.19 75.80 
11 120.00 2.00 400.00 150.00 343.00 99.10 99.01 
12 75.00 7.00 600.00 100.00 308.00 89.01 92.20 
13 30.00 2.00 800.00 50.00 273.00 83.65 85.25 
14 75.00 4.50 600.00 100.00 308.00 95.81 98.40 
15 120.00 7.00 400.00 50.00 343.00 95.42 88.28 
16 120.00 4.50 600.00 100.00 308.00 94.74 91.68 
17 75.00 4.50 600.00 50.00 308.00 92.28 92.19 
18 120.00 7.00 800.00 150.00 343.00 81.84 92.97 
19 30.00 7.00 400.00 50.00 273.00 85.91 72.67 
20 75.00 2.00 600.00 100.00 308.00 94.79 99.06 
21 120.00 2.00 800.00 50.00 343.00 91.87 87.50 
22 75.00 4.50 600.00 100.00 308.00 94.02 98.89 
23 75.00 4.50 600.00 100.00 308.00 93.85 99.11 
24 75.00 4.50 600.00 100.00 343.00 97.60 98.31 
25 75.00 4.50 600.00 100.00 308.00 93.99 96.44 
26 30.00 7.00 800.00 150.00 273.00 79.30 87.50 
27 75.00 4.50 600.00 150.00 308.00 96.41 93.13 
28 120.00 2.00 400.00 50.00 273.00 94.11 91.80 
29 30.00 7.00 400.00 150.00 343.00 94.19 89.23 
30 30.00 2.00 400.00 50.00 343.00 86.56 97.01 
31 30.00 7.00 800.00 50.00 343.00 79.34 93.53 
32 30.00 2.00 800.00 150.00 343.00 94.22 90.11 
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TABLE-3 
ANOVA RESULTS OF REGRESSION MODEL FOR AMBERLITE (Yca) 

Source Sum of squares DF Mean square F value Prob > F  
Model 802.36 20 40.12 24.04 < 0.0001 Significant 

A 81.63 1 81.63 48.91 < 0.0001  
B 118.94 1 118.94 71.26 < 0.0001  
C 193.49 1 193.49 115.93 < 0.0001  
D 30.03 1 30.03 17.99 0.0014  
E 25.04 1 25.04 15.00 0.0026  
A2 3.31 1 3.31 1.98 0.1865  
B2 18.65 1 18.65 11.17 0.0066  
C2 4.45 1 4.45 2.66 0.1308  
D2 0.25 1 0.25 0.15 0.7084  
E2 0.33 1 0.33 0.20 0.6643  
AB 0.32 1 0.32 0.19 0.6711  
AC 0.16 1 0.16 0.099 0.7595  
AD 64.68 1 64.68 38.75 < 0.0001  
AE 4.03 1 4.03 2.42 0.1485  
BC 40.65 1 40.65 24.36 0.0004  
BD 40.93 1 40.93 24.52 0.0004  
BE 0.13 1 0.13 0.080 0.7829  
CD 7.07 1 7.07 4.24 0.0640  
CE 3.28 1 3.28 1.96 0.1887  
DE 10.80 1 10.80 6.47 0.0273  

Residual 18.36 11 1.67    
Lack of fit 15.73 6 2.62 4.99 0.0493 Significant 
Pure error 2.63 5 0.53    
Cor total 820.72 31     

R2 = 0.9776       
Adjusted R2 = 0.937      

 

TABLE-4 
ANOVA RESULTS OF REGRESSION MODEL FOR AMBERJET (Yca) 

Source Sum of squares DF Mean square F value Prob > F  
Model 1308.41 20 65.42 17.31 < 0.0001 Significant 

A 4.24 1 4.24 1.12 0.3124  
B 236.33 1 236.33 62.55 < 0.0001  
C 0.72 1 0.72 0.19 0.6720  
D 40.29 1 40.29 10.66 0.0075  
E 173.07 1 173.07 45.81 < 0.0001  
A2 13.33 1 13.33 3.53 0.0871  
B2 2.97 1 2.97 0.79 0.3943  
C2 4.75 1 4.75 1.26 0.2862  
D2 42.60 1 42.60 11.28 0.0064  
E2 0.72 1 0.72 0.19 0.6706  
AB 0.28 1 0.28 0.073 0.7916  
AC 0.14 1 0.14 0.036 0.8520  
AD 3.47 1 3.47 0.92 0.3582  
AE 0.013 1 0.013 3.500E-003 0.9539  
BC 245.71 1 245.71 65.03 < 0.0001  
BD 3.46 1 3.46 0.92 0.3592  
BE 93.53 1 93.53 24.76 0.0004  
CD 0.034 1 0.034 9.058E-003 0.9259  
CE 20.37 1 20.37 5.39 0.0404  
DE 16.49 1 16.49 4.37 0.0607  

Residual 41.56 11 3.78    
Lack of fit 32.00 6 5.33 2.79 0.1400 Not significant 
Pure error 9.56 5 1.91    
Cor total 1349.97 31     

R2 0.9692      
Adjusted R2 0.913      
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an increase in contact time from 30 to 120 min. On the other
hand, there was an increase of % removal of Ca2+ from 65.5 to
95.2 (Fig. 4a) using Amberlite and 67.36 to 96.32 using Amberjet
1200 with a pH decrease from 7 to 2. This means that the active
surfaces on the resins were fully occupied and the process
achieved equilibrium when the process reached a reaction time
of 100 min for Amberlite IR1200 and 120 min for Amberjet
1200. The OH groups change resins and their derivatives negat-
ively in an aqueous solution. Therefore, their electrostatic attra-
ction to the catalyst particles is expected to be more favourable
in acidic conditions and repulsive in alkaline conditions. Subse-
quently, the pH results revealed that removing Ca2+ in acidic
conditions was preferable compared to alkaline conditions.

Interaction of temperature and pH: Figs. 5 and 6 show
the effect of temperature and pH on removing Ca2+ from cooling
tower water using Amberlite IR120 and Amberjet 1200, respe-

ctively. The effect of temperature and pH play a vital role in
removing Ca2+ from cooling water. An increase in % Ca2+

removal using Amberlite IR120 from 86.4 to 94.6 with an
increase of temperature from 273K to 343K, as shown in Fig.
5a. It was also observed that there was an increase in % Ca2+

removal using Amberjet 1200 from 80.7 to 94.2 with an increase
of temperature from 273 K to 343 K. The temperature of the
solution can affect the solution/solid interface and determine
the resin’s ability for a given initial concentration reported
that high temperature increases energy, resulting in a molecular
collision and decreases the probability of attaching heavy
metals to the available active sites [30]. The contour indicates
that the effect of temperature is more critical than response pH
and Interaction occurs between them.

Interaction of temperature and dosage: The interaction
between the temperature and resin dosage in the removal of
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Ca2+ from cooling tower water using both Amberlite IR1200
and Amberjet 120 is illustrated in Figs. 7 and 8. Resin dosage
played an essential role in determining the capacity of the adso-
rbent for a given initial concentration of the adsorbate in the
operation conditions. There was an increase in % removal of
Ca2+ from 70.2 to 94.81 using Amberlite IR1200 (Fig. 7a) when
the resins dosage increased from 50 to 150 mL. Another increase
in % removal of Ca2+ using Amberjet 1200 from 71.23 to 94.44
with an increase of resin dosage from 50 to 150 mL was
observed. An increase in Ca2+ percentage removal with an
increase in adsorbent dosage is due to the greater availability
of the exchangeable sites or surface area at higher adsorbent
concentrations. The contour indicates that the effect of temp-
erature is more critical than the response resin dosage and
interaction occurs between them.

Regeneration of Amberlite IR1200 and Amberjet 1200:
The regeneration of Amberlite IR1200 and Amberjet 120 resins
plays a vital role in the ion exchange process as it can extract
adsorbed metals from the resins, which can then be added
back to the process flow reported that regeneration regulates
reversibility and reusability of the resins materials [30].

Figs. 9 and 10 illustrate the regeneration of Amberlite
IR1200 and Amberjet120 of Ca2+ and Mg2+ from cooling tower
water using 0.5M NaCl stripping solution. All regeneration
experiments were conducted at pH = 3, dosage = 15 mL, temp.
= 273 K and concentration of Ca2+ = 600 mg/L

The first regeneration for both Amberlite IR1200 and
Amberjet 1200 showed an increase in the removal of Ca2+ and
Mg2+, accompanied by a decrease in subsequent cycles. The
highest % Ca removal of the initial run was 86.56, followed
by an increase to 98.78 of the first regeneration for Amberlite
IR1200 (Fig. 9a). It was also observed that the highest % Ca
removal of the initial run was 85.56, whereas the first regene-
ration increased to 89.25 (Fig. 9b). The second, third and fourth
regeneration using Amberlite IR1200 for % Ca removal were
found to be 86.56, 80.56 and 65.23, respectively. Fig. 9b shows
that the highest % Ca removal for second, third and fourth
regeneration using Amberjet 120 was 87.78, 80.67 and 56.45,
respectively.

The highest % Mg2+ removal for the initial run using
Amberlite IR1200 and Amberjet 120 were 85.56 and 86.8, as
shown in Fig. 10a-b. The highest % Mg2+ removal of the initial,
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Fig. 7. Effect of temperature and dosage on the removal of Ca2+ using Amberlite: (a) surface response method and (b) two-dimensional plot
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second and third regenerations for both Amberlite IR1200 and
Amberjet 120 was 89.56, 86.6, 80.56 and 89.65, 86.56, 81.56,
respectively. However, the highest % Mg2+ removal of the
fourth regenerations on Amberlite IR1200 and Amberjet 120
were found to be 56.89 and 59.56, which were lower than the
results of the initial runs. This suggests that Na+-form resins
has nearly all saturated exchangeable sites or 0.5NaCl could
not regenerate effectively. Consequently, the regeneration of
the Na+ component of Amberlite IR1200 and Amberjet 120
may have provided only few sites for further ion exchange.
Similar patterns were also observed in the removal of heavy
metals through the utilization of clinoptilolite [30].

Conclusion

This study showed that it is possible to remove Ca2+ and
Mg2+ from cooling tower water using Amberlite IR120 and
Amberjet 1200 and optimized the process using response surface
methodology. Regeneration of the resins was also conducted.
The performance of this process is highly dependent on the
proper selection and optimization of the process variables. The
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Fig. 9. Regeneration of Amberlite IR1200 (a) and Amberjet 1200 (b) resins on removing Ca2+ at conc. = 600 mg/L, dosage = 15 mL, pH = 3
and temp. = 25 °C
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central composite design, a statistical tool in response surface
methodology, proved a valuable for finding the optimal condi-
tions for the ion exchange. The optimal ion exchange operating
conditions for Amberlite IR120 and Amberjet 1200 were found
to be: contact time was 120 min, dosage of 150 mL, the initial
pH level of 2, a concentration of 4.00 mg/L and temperature
of 343 K. Regeneration of Amberlite IR120 and Amberjet 1200
using 0.5 M NaCl stripping solution initially showed an increase
in % Ca2+ and Mg2+ removal, then a decrease in subsequent cycles.
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