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In this study, the thermodynamics and kinetics parameters of the ion exchange process in removing Ca* and Mg** from cooling tower |
water using Amberlite IR1200 and Amberjet were investigated. Thermodynamics and kinetics were studied by varying the amount of |
contact time (min), adsorbent (mL), temperature (K), concentration (mg/L) and pH of the solutions. The effectiveness of pecentage
removal was found to rely on pH, as there was a significant increase of removal percentage Ca** and Mg** from pH of 3 to 6. The contact time |
was reached after 60 min on both resins. The correlation coefficients (R*) of Langmuir, Freundlich and Tempkin isotherms ranged from |
0.92 to 1, suggesting that the experimental data best described the models. However, correlation coefficients (R?) for the D-R model range |
between 0.5 to 0.8, which means that experimental data does not fit the model well. Thermodynamic functions such as entropy (AS°),
enthalpy (AH®) and change of free energy (AG®) were obtained from the gradient and intercepts of straight-line graphs. The positive values |
of AG® indicated that the adsorption is not spontaneous. Positive values of AH® were found, meaning the endothermic type of adsorption, |
which indicates the chances of physical adsorption. The correlation coefficient (R?) values of pseudo-first-order, pseudo-second-order |
and intraparticle models ranged from 0.89 to 1 on both metals. This observation indicates that pseudo-first-order, pseudo-second-order |
and intraparticle diffusion models best describe the experimental data in removing Ca** and Mg** from cooling tower water. |
|

Keywords: Amberlite IR120, Amberjet 1200, Ca**, Mg**, Thermodynamics, Kinetics and isotherms.

INTRODUCTION

Heavy metals residuals have become a challenging issue
worldwide on cooling towers and cooling water blow-down in
all industrial manufacturers and utilities. Ca** and Mg** ions are
the significant concerns released due to metals in the feed water
and corrosion in the cooling tower system. The recirculating
cooling water systems remove waste heat from environment.
The power plant cooling system consists of the towers, circulation
water pumps, pipelines and heat exchanger network. In cooling
towers, heat is removed through evaporation and dissolved
constituents of the recirculating water become concentrated. To
excessive concentrations of certain constituents, part of the
recirculating water is removed as blow-down. Therefore, make-
up water must be added to the circulating water system to main-
tain an acceptable water salinity and conductivity [1]. Most
industrial production processes rely on cooling tower water for
efficient and proper operations. Industries such as refineries, food

plants, manufacturing plants, petrochemical plants, steel mills,
electric utilities and chemical processing plants depend on cooling
water systems to perform duties daily [2]. Three of the main
problems of cooling water systems are corrosion, scaling and
biofouling depending on raw water conditions, pre-treatment,
chemical treatment and concentration cycle [2]. Raw water used
in the recirculating system is usually provided from rivers and
underground. The underground water is harder and contains more
alkalinity and total dissolved solids than the river.

Several methods have been studied to remove Ca® and
Mg** from cooling tower water, such as electrodialysis [3-5],
reverse osmosis [5,6], adsorption [6-10], electrocoagulation
and ion exchange [10]. Among these methods, the ion exchange
process seems to be effective in reducing concentrations of
heavy metals because it is environmentally friendly, economi-
cally viable, selective and produces less sludge volume [10].
Several studies on the removal of heavy metals by ion exchange
have been studied [10-12] and reported that the ion exchange
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method could overcome problems encountered in other tech-
niques.

The study focused on the thermodynamics and kinetics
of ion exchange process in removing Ca**and Mg** from the
cooling tower by using Amberjet 1200 and Amberlite IR 120.
The effect of contact time (min), pH, temperature (K), concen-
tration (mg/L) and amount of resins (mL) were investigated.
The experimental data was described by Langmuir, Freundlich,
Tempkin and Dubinin-Radushkevich (D-R) isotherms. The
rate-controlling mechanisms for the ion exchange process were
investigated by testing the experimental data with Lagergren’s
pseudo-first-order, pseudo-second-order kinetics and intrapar-
ticle diffusion. The ion exchange spontaneity of Ca** and Mg**
on aqueous solutions using thermodynamic models were also
determined.

EXPERIMENTAL

Amberjet 1200 and Amberlite IR 120 strong cation ion
exchange resins in hydrogen form were obtained in Dow
Chemicals Company, South Africa. The properties of the resins
are given in Table-1. The resins were washed three times with
a solution of 1 HCl and NaOH to remove possible organic and
inorganic solutions trapped in the resins during the preparation.
The resins were then washed several times with distilled water
to convert Na* form to H* form by flushing the ion exchange
column with 1 HCI and used out through the experiment.

Solution preparations and reagents: The solutions of
Ca® and Mg”* were prepared by dissolving an analytical grade
CaCl,-2H,0, MgCl,-6H,O (Merck, South Africa), respectively.
Deionized and purified water was prepared by a Milli-Q water
purification system and used throughout the experiment.

The percentage of Ca®* and Mg** removal from aqueous
solution by Amberjet 1200 and Amberlite IR 120 resins was
calculated according to eqn. 1:

C -C
Removal (%) C. x100 (1)
where C; and C; are the initial and final concentrations (mg/

L), respectively.

Column experiments: Column experiments were per-
formed using a glass tube of 3 cm diameter and 30 cm height.
The schematic diagram of the experimental setup is shown in
Fig. 1. The experiments were conducted using one factor at a
time method and the following parameters were varied through-
out the experiment, concentration of Ca* and Mg mg/L (200
to 600), pH (2-6) resins dosage mL (25 to 100) and contact
time (20 to 90 min). All the experiments were carried out at a
room temperature of 25 °C. The Ca®* and Mg** solutions having
an initial concentration of 600 mg/L and 300 mg/L were prep-
ared and used throughout the experiment. A peristaltic pump
fed the Ca* and Mg** solutions on the ion exchange column.
The treated solutions were collected from the exit at the time
intervals and measured for the remaining Ca** and Mg**. The
concentrations of Ca** and Mg** solutions were determined by
atomic absorption spectrometer (AAS) and the pH was measured
with a glass electrode.

Inlet line

lon exchange
column

o0 Resins
o

5 g Effluent outlet

Peristaltic pump

Stock solution Treated solution

Fig. 1. Experimental setup for ion exchange column

TABLE-1

PROPERTIES OF AMBERJET 1200 AND AMBERLITE IR 1200 RESINS

Parameter Amberjet 1200 (Na* form) Amberlite IR 120 (Na* form)
Physical form Amber spherical beads Amber spherical beads
Matrix Styrene divinylbenzene copolymer Styrene divinylbenzene copolymer
Functional group Sulfonate Sulfonate
Tonic form as shipped Na* Na*
Total exchange capacity >2.00 eq/L (Na* form) >2.00 eq/L (Na* form)
Moisture holding capacity 43% to 47% (Na* form) 45% to 50% (Na* form)
Shipping weight 850 g/L 840 g/L.
Service flow rate 5to 50 BV/h 5to 40 BV/h
Regeneration
Regenerant NaCI HCI H,SO, NaCl HCI H,SO,
Level (g/L) 40 to 240 40 to 150 20 to 200 80 to 250 50 to 150 60 to 240
Concentration (%) 104t0101to 8 105t080,7t0 6
Minimum contact time 20 min 30 min

Slow rinse
Fast rinse

2 BV at regeneration flow rate
1 to 3 BV at a service flow rate

2 BV at regeneration flow rate
2 to 4 BV at a service flow rate

*1 BV (bed volume) = 1 m® solution per m® resin
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RESULTS AND DISCUSSION

Effect of contact time: The effect of contact time on the
removal of Ca®* and Mg”* using Amberlite IR 120 and Amberjet
1200 is shown in Fig. 2a-b by varying times from 15 to 120
min. It is well known that the rate of adsorption plays a vital
role in industries. When contact time increases, the % removal
of Ca® and Mg* increased until it has reached an equilibrium
point at about 60 min on both resins. The increase in % removal
of Ca* and Mg was due to the availability of exchangeable
sites on the surface of the resins [13]. The highest % removal
of Ca™ was 98.3% for Amberlite IR120 and 87% for Amberjet
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1200 as shown in Fig. 2a. Whereas, % removal of Mg** was
98% for Amberlite IR120 and 86.77% for Amberjet 1200.
There was no significant increase in % removal of Ca** and
Mg?* when the process reached equilibrium; however, there
was a % removal slightly decrease observed immediately after
the equilibrium stage. As the available sites are reduced, the
% removal of heavy metals decreases because of the increase
in the repulsive forces between the alkaline metal ions and
those in the liquid phase [14]. As a result, an equilibrium time
of 60 min was used for the rest of the experiments.

Effect of dosage: Fig. 3a-d shows the effect of Amberlite
IR 1200 and Amberjet 1200 dosage in removing Ca** and Mg**

100
(b)
__ 80
2
g 60 .
g -t Amberjet 1200
2 40 —a— Amberlite IR 1200
NO’)
=
20
0
0 20 40 60 80 100 120

Time (min)

Fig. 2. Effect of contact time on the removal of Ca® (a) and Mg** (b) using Amberlite IR1200 and Amberjet 1200 (Ca** = 600 ppm, Mg** =

300 ppm, dosage = 15 mL, pH = 3 and Temp. = 25 °C)
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Effect of dosage on the removal of Ca® and Mg** using Amberlite IR1200 (a and c) and Amberjet 1200 (b and d) (Ca® = 600 ppm,

Mg = 300 ppm, contact time = 60 min, pH = 3 and Temp. = 25 °C)
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from cooling tower water by varying dosage from 15 mL to
35 mL while other parameters were kept constant. The highest
% removal of Ca® was found to be 99.59% using Amberlite
IR120 and 91.33% using Amberjet 1200 at the resin’s dosage
of 35 mL. Another highest % removal of Mg** was found to
be 99.33% using Amberlite IR120 and 91.17% using Amberjet
1200 at the resins dosage of 35 mL. This is a result of avail-
ability of binding sites on the surface of the adsorbent [15].
This suggests that the maximum adsorption is achieved after
a specific dose of the resins and this led to the constant %
increase of heavy metals with further addition of the resins.
Effect of concentration: Fig. 4a-d show the effect of
concentration in removing Ca** and Mg** studied by varying
concentration from 100 to 300 ppm for Mg** and from 400 to
800 ppm for Ca**. The graphs show that the highest % removal
of Ca® was observed from 22.45 to 99.078 using Amberlite
IR1200 and 16.25 to 89% using Amberjet 1200 at 100 mg/L.
The graphs also show the highest % removal of Mg** from 20
t0 99.35% using Amberlite IR1200 and 15 to 91 using Amberjet
at 100 mg/L. However, adsorption % removal decreased with
an increase in the initial metal ion concentration. Heavy metals
in the aqueous solution interact more with the binding sites at
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lower concentrations than in higher concentrations due to the
availability of exchangeable sites.

Effect of pH: Fig. 5a-d shows the effect of pH in removing
Ca® and Mg* from cooling tower water was studied by varying
pH from 3 to 6. The results show that the highest % removal
of Ca® was obtained at pH 3 from 25 to 98.58 using Amberlite
IR120 and from 16.46 to 88.63 using Amberjet 1200. The
highest % removal of Mg* was achieved from 20 to 98.33
using Amberlite IR1200 and from 21.67 to 86.92 % using
Amberjet 1200 at pH 3. Higher adsorption was achieved at lower
pH since heavy metals cations are completely adsorbed under
more acidic conditions [15]. This could also be explained at
lower pH values, the hydrogen ions compete with metal cation
for the adsorption sites in the process, which result in releasing
the later.

Adsorption isotherms: Adsorption isotherms are defined
as the variation in the amount of gas adsorbed by the adsorbent
with pressure at constant temperature can be expressed through
a curve called adsorption isotherms. The most commonly used
isotherms are Langmuir, Freundlich, Tempkin and D-R models.
These mathematical models are mainly used and assumed that
adsorption occurs when functional groups cover the surface
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Fig. 4. Effect of concentration on the removal of Ca® and Mg** using Amberlite IR1200 (a and c¢) and Amberjet 1200 (b and d) (dosage = 15

mL, contact time = 60 min, pH = 3 and Temp. = 25 °C)



Vol. 34, No. 9 (2022)

Studies of Ton Exchange Process in Removal of Ca* and Mg** from Cooling Tower Water 2439

100
(€Y
80
5 60 E
é == Amberlite IR 1200 (pH 3) 8
(0]
2 —g=— Amberlite IR 1200 (pH 4) .
d 40 “m
S et Ambeerlite IR 1200 (pH 5) ©
20 === Amberlite IR 1200 (pH 6)
0
10 30 50 70
Time (min)
100
(©
80
<
=~ 60
g =—@=— Amberlite IR 1200 (pH 3)
€
o =@ Amberlite IR 1200 (pH 4)
& 40
2 =—d== Amberlite IR 1200 (pH 5)
20 =y Amberlite IR 1200 (pH 6)
0
10 30 50 70
Time (min)
Fig. 5.

100
(b)
80
60
=== Amberjet 1200 (pH 3)
40
=@ Amberjet 1200 (pH 4)
20 == Amberjet 1200 (pH 5)
e Amberjet 1200 (pH 6)
0
10 30 50 70
Time (min)
100
(d)
80
S
= 60
3
I =——#— Amberjet 1200 (pH 3)
(0]
&, 40 w=fll== Amberjet 1200 (pH 4)
b=
=—¢== Amberjet 1200 (pH 5)
20 =t Amberjet 1200 (pH 6)
0
10 20 30 40 50 60 70
Time (min)

Effect of pH on the removal of Ca* and Mg** using Amberlite IR1200 (a and ¢) and Amberjet 1200 (b and d) (Ca** = 600 ppm, Mg**

= 300 ppm, contact time = 60 min, dosage = 15 mL and Temp. = 25 °C)

of the adsorbent. The metal uptake per unit weight of adsorbent
to the equilibrium adsorbate concentrations in the fluid phase
is related to these isotherms.

Langmuir isotherm model: The Langmuir model is based
on the assumptions that each site can take one molecule and
maximum adsorption occurs when a saturated monolayer of
solute molecules is present on the adsorbent surface. The
mathematical model of Langmuir is defined by eqn. 2:

quLCe
“L4KC @)
1+K,C,

where q. is adsorbent equilibrium concentration (mg/g); qm 1S
the adsorbent capacity for monolayer adsorption (mg/g); Kv.
is equilibrium constant and C. is the equilibrium concentration
in the liquid phase (mg/L). Langmuir constants were deter-
mined by plotting (1/q.) against (1/C.) and rearranging eqn. 2
to form eqn. 3:

9.

11 4 1 1
d. 4n 9.K C &
Several initial concentrations (400, 500, 600, 700 and 800
mg/L for Ca** and 100, 200, 300 and 400 mg/L for Mg**) were
used at 298 K to obtain the results (Fig. 6). Amberlite IR1200
and Amberjet 1200 resins were plotted onto the same graph
for comparative purposes. The correlation coefficients (1*) were
found to be 0.99493 (Amberlite IR120) and 0.99837 (Amberjet
1200) for Ca**, whereas Mg** correlation coefficients (R*) were
0.97459 for Amberlite IR120 and 0.9574 for Amberjet 1200
as shown in Table-2. These correlation coefficients (R?) indicates
that equilibrium data fitted well Langmuir on both resins.
Maximum adsorption capacities (Q,,) for Ca** were found to
be 4,2651 (b=0, 1248) using Amberlite IR 120 and 4, 38 (b =
0.02732) using Amberjet 1200. Maximum adsorption capacity
(Qu) for Mg were 2,688 (b =0, 08932) using Amberlite IR120
and 2.7064 (b = 0.02182) using Amberjet 1200.
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Fig. 6. Langmuir isotherm of Amberlite IR1200 (a) and Amberjet 1200 (b)

TABLE-2
ISOTHERMIC PARAMETERS OF Ca** AND Mg**
REMOVAL ON AMBERLITE IR120 AND AMBERIJET 1200

Amberlite IR120 Amberjet 1200
Isotherms 600 ppm 300 ppm 600 ppm 300 ppm
Ca2+ Mg2+ Ca2+ Mg2+
Langmuir
Q,, (mg/g) 4,265 2.688 4.380 2.706
R, 0.125 0.089 0.027 0.0212
R? 0.995 0.975 0.998 0.957
Freundlich
K; 2312 0.735 0.932 0.237
1/n 0.108 0.251 0.261 0.434
R? 0.958 0.990 0.973 0.997
Tempkin
K; (L/mg) 382.76 1.99 0.486 0.288
br 6738.59 7072.355 3011.31 4559.50
R? 0.929 0.905 0.988 0.939
D-R model
Q. 1.771 1.912 1.753 1.689
E 0.88 0.62 10.9 5.46
R? 0.571 0.684 0.879 0.695

Freundlich isotherm model: Freundlich isotherm model
is an empirical equation based on adsorption on a heterogen-

eous surface defined by eqn. 4:
q. =K, C )

The logarithm form of eqn. 4 forms eqn. 5:

logq, = logK‘.+llogCe 5)
n

where K; and n are the Freundlich constants, which represent
the adsorption capacity and intensity.

Fig. 7a-b show the results of Freundlich isotherms obtained
by plotting log Q. versus log C.. The results of Ca® removal
show that correlation coefficients (1*) were found to be 0.9579
for Amberlite IR120 and 0.9335 for Amberjet 1200. The results

of Mg** removal indicates that the correlation coefficients were
0.99032 For Amberlite IR 1200 and 0.99651 for Amberjet
1200 indicating that the equilibrium data fitted well on both
resins. The values of Ky and 1/n for Ca** removal was found to
be 0.1078 and 0.2611 for Amberlite IR 120 and Amberjet 1200
and the Ky and 1/n values for Mg** removal were 0.2511 and
0.4337 for Amberlite IR120 and Amberjet 1200. The 1/n were
between 0 and 1, meaning that both resins’ adsorption of Ca*
and Mg** were favourable at studied conditions.

Tempkin isotherm: Tempkin isotherm model considers
the impact of indirect adsorbate/adsorbate interactions on the
adsorption process; the adsorption heat of all molecules in the
layer is also expected to decrease linearly due to the surface
coverage. The Tempkin isotherm is only valid for intermediate
ion concentrations [ 16]. By disregarding the incredibly low and
high concentrations, the model assumes that heat of adsorption
(function of temperature) of all particles in the layer would
diminish straight instead of logarithmic with coverage [16].
The model is given by eqns. 6 and 7:

ge=BInAr+BInC, (6)
RT
B="— (7

T
where br = Temkin isorthem constant, At = Temkin isotherm
equilibrium binding constant (L/g), R = universal gas constant
(8.314 J/mol/K), T = temperature 298 K and B = constant
related to heat of sorption (J/mol).

The binding constant of equilibrium (Ar) was found to be
382.76,0.4859, 1.9929 and 0.2877 L g™ indicate the maximum
bonding energy and the adsorption heat constant br were found
to be 6738.59, 3011.31, 7072.26 and 4559.50 KJ/mol. These
constants are determined from the plot Q. versus In C. and the
values are shown in Table-2. Correlation coefficients (1*) were
found to be 0.93, 0.99, 0.90 and 0.94; it is concluded that this
model fits well with the equilibrium data.
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D-R model: The equilibrium data was applied to the D-R
model to determine if adsorption occurred by the physical or
chemical process. The adsorption potential is independent of
the temperature, but it varies depending on the nature of adsor-
bent and adsorbate. The mean free energy of adsorption E
gives information about adsorption mechanism as chemical
ion exchange or physical adsorption.

The linearized form of the D-R isotherm is shown in eqn. 8:

Ing, =Ilnq,, —Be’ (3)

where B is the activity coefficient, which is related to mean
adsorption energy (mol*/J?) and € is the polanyi potential

_ 1
€=RTIn| 1 +C_ . The mean adsorption energy, E (KJ/mol),

€

is shown in eqn. 9:

T ®

If E values are between 8 and 16 kJ/mol, the adsorption
process follows by chemical ion exchange and if E is less than
8 kJ/mol, the adsorption is physical [17]. The mean adsorption
energies (E) for removal of Ca* and Mg** using Amberlite and

Amberjet were calculated as 0.88 kJ/mol for Ca** (Amberlite
1200), 10.45 KJ/mol for Ca** (Amberlite), 0.62 kJ/mol for
Mg?* (Amberlite) and 5.46 kJ/mol for Mg** (Amberjet 1200).
These results indicate that the adsorption processes of metal
ions were carried out via physical and chemical ion-exchange
mechanisms (Table-3). Correlation coefficients (1*) were found
to be 0.57, 0.88, 0.68 and 0.69 (Table-2); it is concluded that
this model does not fit well with the equilibrium data as comp-
ared to the Langmuir, Freundlich and Tempkin isotherm models.

The D-R model demonstrates if adsorption occurs by
physical or chemical processes [18]. The linearized form of
the D-R isotherm is shown in eqn. 10:

In q. = In g, — P& (10)

where B is the activity coefficient, which is related to mean
adsorption energy (mol*/J?) and ¢ is the polanyi potential

]

The mean adsorption energy [E (KJ/mol)] is shown in
eqn. 11:

1

T an

TABLE-3
THERMODYNAMIC PARAMETERS FOR THE ADSORPTION OF Ca** AND Mg* ONTO
AMBERLITE IR120 AND AMBERIJET 1200 AT DIFFERENT TEMPERATURES

K,

AG®

AH° AS°
293 K 313 K 333 K 358 K 298 K 313K 333 K 358 K
Amberlite IR120
Ca® (600 ppm) 0.044 0.061 0.1 0.557 8.34 6.68 5.02 2.94 32.69 0.083
Mg* (300 ppm) 0.044 0.057 0.111 0.475 8.33 6.75 5.16 3.17 31.62 0.080
Amberjet 1200

Ca® (600 ppm) 0.024 0.032 0.043 0.066 9.18 8.89 8.59 8.29 13.47 0.0150
Mg* (300 ppm) 0.022 0.029 0.033 0.055 9.39 9.23 9.08 8.88 11.66 0.0078
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Adsorption thermodynamics: The expected changes in
the reaction should be considered when designing adsorption
columns and monitoring how fast reactions (rate of reaction)
occur. Knowing thermodynamic parameters is also essential
in finding the expected change during the process. Ho [19]
stated that the energy cannot be gained or lost in an isolated
system to the surroundings, but enthalpy change is the driving
force. The thermodynamic parameters (AH®, AS® and AG®)
for Ca®* and Mg?* adsorption onto resins were determined from
the temperature-dependent adsorption. The estimations of
enthalpy (AH®) and entropy (AS°) were determined from the
slope and y-intercepts of the plot of In Ky versus 1/T using
applying eqns. 12 and 13:

C.-C.V

K —_—o e
ST m (12)

AS°  AH°
InK, =—-- (13)

R RT

where C, is the initial concentration (mg/L), C. = equilibration
concentration after centrifugation (mg/L), V = volume (mL),
m = mass of millet husk (g), R (8.314 J mol™' K™') is the ideal
gas constant and T (K) is the temperature in Kelvin.

Free energy changes (AG®) of specific adsorption are
determined from eqn. 14:

AG® = AH® — TAS® (14)

The values of AH® in Table-3 for both Amberlite IR120
and Amberjet 1200 were between 1 to 93 kJ/mol demonstrating
the physisorption. The positive estimations of AH® demonstrate
the endothermic type of adsorption, which suggests the chances
of physical adsorption. In physical adsorption, while tempera-
ture increases, the degree of metal adsorption increases and
there are no chances of chemisorption. Positive estimations of
AG® were obtained for both Amberlite IR1200 and Amberjet
1200 (Table-3) demonstrated that the ion exchange process is
unfavourable and non-spontaneous. The positive estimations
of AS° demonstrated the increase temperatures were ascribed
to the growth of pore size and activation of the adsorbent surface
[4].

Kinetics studies: Lagergren’s pseudo-first-order, pseudo-
second-order and intraparticle diffusion models were used to
clarify the adsorption kinetics of Ca® and Mg”* removal from
cooling tower water using Amberlite IR1200 and Amberjet
1200.

The Pseudo-first-order model is used to predict the rate of
controlling mechanism based on adsorption capacity. Adsorption
kinetics of Lagergren’s pseudo-first-order is given by eqns.
15 and 16:

d
e_q =k (q. - (Non-linear) (15)
k
log(q, —q) =logq, _Flmt (Linear) (16)

where . = amount of heavy metals adsorbed on the adsorbent
at equilibrium (mg/g), q = amount of heavy metals adsorbed
on the adsorbent at a particular time (mg/g) and K, = Pseudo
first-order rate constant (min™).

The pseudo-second-order model for the adsorption of
heavy metals onto the surface of adsorbents is applied when
the obtained q. is different from the derived one experimentally
[20]. The non-linear (eqn. 17) and linear (eqn. 18) functions
of pseudo-second-order are given below:

d
d—q =k,(d, ~9)" (Non-linear) a7

Integrating function (13) whent=0tot=tand q=0to q.
= q gives function (4.14)

1 1 1

—= (1
a kZ(qe)2 a (Linear) (18)

where g. = amount of heavy metals adsorbed on the adsorbent
at equilibrium (mg/g), q = amount of heavy metals adsorbed
on the adsorbent at a particular time (mg/g), K, = pseudo
second-order rate constant (mg/g min), rate of reaction (k») is
determined from the gradient of the linear graph of log (q.-q)
against time (t).

The concept of intraparticle diffusion is based on the
Weber and Morris principle [21]. The model for intraparticular
diffusion is stated in eqn. 19:

q=KIt" +C (19)

where KI is the constant of the intraparticle diffusion rate (g/
mg/min®’), q. is the adsorption capacity (mg/g) at time t (min)
and C is a constant that indicates the thickness boundary layer,
the higher the value of C, the more significant the impact of
the boundary layer.

The rate of reaction (k;) is determined from the gradient
of the linear graph of log (q.-q) against time (t). The plot of In
(Q.-Q,) against tis shown in Fig. 8a. The linear plots of pseudo-
second-order and intraparticle models are shown in Fig. 8b-c,
respectively. The R? values of pseudo-first-order, pseudo-
second-order and intraparticle models ranged from 0.89 to 1
on both metals (Table-4). This observation indicates that pseudo-
first-order, pseudo-second-order and intraparticle diffusion
models best describe the experimental data in removing Ca**
and Mg** from cooling tower water. The rate constants k; and
k,, correlation of coefficients of the plots together with Q.
values are given in Table-4.

Conclusion

This study aimed at thermodynamic and kinetic studies in
removing Ca®* and Mg”* ions from cooling tower water using
Amberlite IR120 and Amberjet 1200. The highest % removal
of Ca** was found to be 99.59% using Amberlite IR1200 and
91.33% using Amberjet 1200 at the resins dosage of 35 mL.
Another highest adsorption % removal in the removal was
99.33 % using Amberlite and 91.17% using Amberjet at the
resins dosage of 35 mL. The correlation coefficients (R?) of
Langmuir, Freundlich and Tempkin isotherms were found to
range from 0.92 to 1, which suggests that experimental data
best described the models. However, correlation coefficients
(R?) for the D-R model range between 0.5 to 0.8, meaning
that experimental data does not fit the model. The values of
AH? for both Amberlite IR120 and Amberjet 1200 were between
1 to 93 kJ/mol demonstrating the physisorption. The positive
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TABLE-4 3. L. Gurreri, A. Tamburini, A. Cipollina and G. Micale, Membranes, 10,
KINETICS PARAMETERS FOR ION EXCHANGE OF 146 (2020);
Ca>* AND Mg** FROM COOLING TOWER WATER https://doi.org/10.3390/membranes 10070146
Amberlite IR120 Amberjet 1200 4. ?CIA ;%dsejz (’28}1 9A)xlbayom1, M.K. Purkait and P. Mondal, Open J. Appl.
Kinetics 600 ppm 300 ppm | 600 ppm 300 ppm https:/doi.org/10.4236/0japps.2019.97043
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291 (2019);
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R 1 1 1 1 7.  M.T. Bankole, A.S. Abdulkareem, I.A. Mohammed, S.S. Ochigbo, J.O.
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