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Abstract

The adsorption of Copper(Il) onto Amberjet 1500H and Ambersep 252H synthetic ion exchange resins have been studied. All the studies were
conducted by a batch method to determine equilibrium and kinetic studies at the solution pH of 5.8 in the concentration ranges from 10 to 20 mg/L.
The experimental isotherm data were analyzed using the Freundlich, Langmuir, Redlich Perterson, Temkin, Dubinin-Radushkevich equations.
Correlation co-efficient was determined for each isotherm analysis. Error functions have been used to determine the alternative single component
parameters by non-linear regression due to the bias in using the correlation coefficient resulting from linearisation. From the error analysis the EABS
error function provides the best parameters for the isotherm equation in this system. Adsorption kinetics data were tested using pseudo-first-order,
pseudo-second-order and intraparticle diffusion models. Kinetic studies showed that the adsorption followed a pseudo-second-order reaction.
The initial sorption rate, pseudo-first-order, pseudo-second-order and intraparticle diffusion rate constants for different initial concentrations were

evaluated and discussed.
© 2006 Published by Elsevier B.V.
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1. Introduction

The problem of removing pollutants from water and wastew-
ater is an important process and is becoming more important
with the increasing of industrial activities. In order to solve
heavy metal pollution in ecosystem, it is important to bring
applicable solutions to the subject. It is possible to clean pol-
luted environment only with long study requiring expensive and
complex plants. Therefore, it is important to take effective pre-
cautions to prevent water, soil and air pollutions. Copper is
present in the wastewater of several industries, such as metal
cleaning and plating baths, refineries, paper and pulp, fertilizer,
and wood preservatives and it is highly toxic [1]. The exces-
sive intake of copper by man leads to severe mucosal irritation,
widespread capillary damage, hepatic and renal damage, central
nervous problems followed by depression, gastrointestinal irri-
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tation, and possible necrotic changes in the liver and kidney [1].
The World Health Organization (WHO) recommended a max-
imum acceptable concentration of Cu(Il) in drinking water of
1.5mg/L [2]. Table 1 summarizes copper standards in current
EPA regulations [3]. Therefore it is essential that potable waters
be given some treatment to remove copper before domestic sup-
ply. There are many different methods for treating wastewaters.
Current methods for wastewater treatment include precipita-
tion, coagulation/flotation, sedimentation, flotation, filtration,
membrane processes, electrochemical techniques, biological
process, chemical reactions, adsorption and ion exchange. But
the selection of the wastewater treatment method is based on
the concentration of waste and the cost of treatment. Adsorp-
tion with ion exchange resin is one of the popular methods for
the removal of heavy metals from the water and wastewater
[4,5].

Ton exchange resins have been developed as a major option
for treating wastewaters over the past few decades [6-8]. Selec-
tive resins reduce the residual concentration of heavy metal to
below the maximum limits [9-12]. The influence of complex


mailto:srengaraj1971@yahoo.com
dx.doi.org/10.1016/j.jhazmat.2006.09.064

470 S. Rengaraj et al. / Journal of Hazardous Materials 143 (2007) 469-477

Nomenclature

aRr constant of Redlich—Peterson isotherm (L/mg)

A Temkin isotherm constant related to adsor-
bate/adsorbate interaction (L/g)

b Langmuir constant (L/mg)

B Temkin isotherm constant

Ce equilibrium adsorbate concentration (mg/L)

C; solution phase adsorbate concentration at time ¢
(mg/L)

Co initial concentration of adsorbate (mg/L)

E Dubinin—Radushkevich isotherm constant

k1 rate constant of pseudo-first-order adsorption
model (h~1)

ko rate constant of pseudo-second-order adsorption
model (g/mgh)

Kr Freundlich constant (mg/g)

kia intraparticle diffusion rate constant (mg/gh'/?)

Kr constant in Redlich—Peterson isotherm (L/g)

M mass of the adsorbent (g)

n Freundlich isotherm constant related to adsorp-
tion intensity

N number of data points

qe equilibrium adsorption uptake concentration
(mg/g)

Ge.cal calculated value of adsorbate concentration at
equilibrium (mg/g)

Geexp  €xperimental value of adsorbate concentration at
equilibrium (mg/g)

Gmax maximum adsorption capacity of adsorbent
(mg/g)

qs Dubinin—Radushkevich isotherm constant related
to adsorption capacity (mg/g)

q: amount of adsorbate adsorbed by adsorbent at
time ¢ (mg/g)

Q° Langmuir constant (mg/g)

R universal gas constant (8.314 J/mol K)

R? correlation coefficient

T absolute temperature (K)

t time (h)

% volume of the solution (L)

Greek letter

B constant of Redlich—Peterson isotherm (0 < < 1)

formation on ion exchange sorption equilibrium and on the dis-
tribution of metal ions between the liquid and resin phase has
been extensively studied [13—-16]. Many studies on the adsorp-
tion of metal ions on ion exchange resins such as IR-120, Dowex
A-1, Duolite GT-73 [17], IRN77 [18], and NKA-9 [5] have been
reported.

The present work is aimed at evaluating the kinetics,
isotherm, error analysis and diffusion parameters for the adsorp-
tion of Cu(II) onto 252H and 1500H ion exchange resins for the
adsorption process. The effect of various system parameters such

Table 1

EPA copper discharge limits

EPA regulation Limit
Toxic Release Inventory (TRI) 1 mg/L
Clean Water Act (CWA) (daily) 3.39mg/L
Clean Water Act (CWA) (30-day average) 2.07mg/L
Safe Drinking Water Act (SDWA) 1.3 mg/L
Superfund Amendments and Reauthorization Act (SARA) 4.5kg/year

as initial concentration, time, pH and resin dosage are studied
and the results obtained are discussed.

2. Experimental

2.1. Adsorbate

All the reagents used were analytical grade chemicals. A
stock solution of copper ions (1000 mg/L) was prepared by dis-
solving appropriate amount of CuCl,-2H;0O (Aldrich Chemical
Company, USA) in double distilled water.

2.2. Adsorbent

The cation exchange resins 1500H and 252H (Rohm and
Hass Korea Co., Ltd) used in this study are generally used for
the removal of heavy metals from water and wastewater. The
Physico-chemical properties and specifications of ion exchange

resins are presented in Table 2.

Table 2

Characteristic properties of the ion exchange resins used®

AMBERJET 1500H
Matrix
Functional groups
Physical form
Tonic form as shipped
Total exchange capacity
Moisture holding capacity
Specific gravity
Shipping weight
Particle size Uniformity coefficient
Harmonic mean size
Fine contents
Maximum reversible swelling

AMBERSEP 252H
Matrix
Functional groups
Physical form
Ionic form as shipped
Total exchange capacity
Moisture holding capacity
Specific gravity
Shipping weight
Particle size harmonic mean size
Uniformity coefficient
Fine contents
Maximum reversible swelling

Styrene divinylbenzene copolymer
Sulphonates

Dark amber beads

H+

>2.0equiv./L (H form)
45-51% (H* form)
1.28-1.32 (Na* form)
820 ¢g/L

<1.20

650 £ 50 pm

<0.425 mm: 0.5% max
Na* — H*: 10%

Styrene divinylbenzene copolymer
-SO3-

Light grey beads

H+

>1.65 equiv./L (H* form)
52-58% (H* form)
1.18-1.22 (H* form)

755 g/l

0.90-1.10 mm

<14

<0.600 mm: 1.0% max
Na* — H*: 7%

2 Manufacturer supplied.
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2.3. Batch mode studies

The stock solution was diluted as required to obtain standard
solutions containing 5-30 mg/L of Cu(I). A 100 mL of Cu(Il)
solution of a desired concentration, adjusted to a desired pH,
was taken in reaction bottles of 300 mL capacity and known
amounts of ion exchange resins were added. The solution pH
was adjusted by using hydrochloric acid or sodium hydroxide
solutions. The solutions were agitated for a predetermined period
at 25 4+ 1 °C in a shaking incubator (JEIO TECH SI-900R). The
agitation speed of the shaker was fixed at 150 rpm for all the
batch experiments. The resins were separated and the filtrate was
analyzed by an inductively coupled plasma spectrophotometer
(ICP) (ULTIMA 2, Jobin Yvon Horiba) for copper content.

2.4. Isotherm experiments

Adsorption isotherm studies were carried out in a series of
300 mL reaction bottles. Each bottles was filled with 100 mL
of different initial Cu(II) concentrations while maintaining the
resin dosage at constant level. After equilibration, the solu-
tion was separated and analyzed. The initial concentrations of
solutions taken for the studies were 10, 15 and 20 mg/L. The
equilibrium adsorption capacity was calculated using

_ (Co—C)V
M

where g, (mg/g) is the equilibrium adsorption capacity, Cp and

C. the initial and equilibrium concentration (mg/L) of copper

ions in solution, V (L) the volume, and M (g) is the weight of
the adsorbent.

ey

qe

2.5. Kinetic studies

Kinetic experiments were conducted by using a known
weight of resin dosage and employing Cu(Il) concentration in
the range of 1020 mg/L. The samples at different time intervals
(0-360 min) were taken and centrifuged. Suitable aliquots were
analyzed for copper concentration and recorded. The rate con-
stants were calculated by using the conventional rate expression.
The amount of metal ion sorbed, ¢;, was calculated from

_ (Co— C)V
M

where g; (mg/g) is the equilibrium adsorption capacity, Cp and

C; the initial and equilibrium concentration (mg/L) of copper

ions in solution, V (L) the volume, and M (g) is the weight of
the adsorbent.

@

t

3. Results and discussion
3.1. Adsorption isotherm studies

The quantity of metal that could be taken up by a resin is
a function of both the concentration of the metal and the tem-
perature. The amount of material adsorbed is determined as a
function of the concentration at a constant temperature that could

be explained in adsorption isotherms. Equations that are often
used to describe the experimental isotherm data were devel-
oped by namely, Freundlich, Langmuir, Redlich—Peterson, The
Temkin Isotherm, and The Dubinin—Redushkevich isotherm.

The Freundlich isotherm model was also used to explain the
observed phenomena.

log ge = log Kr + nlog C, 3)

where Kr (mg/g) is the Freundlich constant and ‘n’ the Fre-
undlich exponent. Where, C. is the equilibrium concentration
(mg/L), ge the amount of Cu(Il) adsorbed by per gram of the
ion exchange resins and Kr and n are constants incorporating
all factors affecting the adsorption process such as adsorption
capacity and intensity. Linear plots of log g, versus log C shows
that the adsorption follows Freundlich isotherm model. Ky and
n were calculated from the intercept and slope of the plot. The
constants Kr and n for Cu(Il) and ion exchange resin systems
are presented in Table 3. The values of n lie between 1 and 10
indicating favorable adsorption [19].

The Langmuir isotherm was applied for adsorption equi-
librium for both Amberjet 1500H and Ambersep 252H ion
exchange resins [20]. The Langmuir sorption isotherm is often
used to describe sorption of a solute from a liquid solution as

1 1 1 1

% b0 C; @

UE B @
where C, is the equilibrium concentration (mg/L), g. the amount
adsorbed at equilibrium (mg/g) and Q¢ and b are Langmuir con-
stants related to adsorption capacity and energy of adsorption,
respectively. The linear plots of 1/ge versus 1/C, show that the

Table 3

Freundlich, Langmuir, Redlich—Peterson, Temkin and Dubinin—Radushkevich
isotherm constants for copper ion sorption in ion exchange resins 1500H and
252H

Isotherms Name of the resins
Amberjet 1500H Ambersep 252H

Freundlich

Kg (mgg™") 22.3408 24.344

n 0.4226 0.5

R? 0.9662 0.9819
Langmuir

0° (mgg™h 24.57 11.7412

b(Lmg™") 8.4792 26.28

R? 0.9921 0.9631
Redlich—Peterson

Kr (Lg™hH 294.12 68.4932

ag (Lmg™") 14.32 3.1219

R? 0.9806 0.9664
Temkin

B 4.7036 3.2975

ALg™h 95.031 149.053

R? 0.9821 0.8694
Dubinin—Radushkevich

gs (mgg™) 26.488 14.1866

E 3535.5 5972.94

R? 0.8831 0.9669




472 S. Rengaraj et al. / Journal of Hazardous Materials 143 (2007) 469477

adsorption obeys Langmuir isotherm model for both Amber-
jet 1500H and Ambersep 252H. The values of Qg and b were
determined from the slopes and intercepts of the Langmuir plots
and represented in Table 3. The Langmuir equation is applica-
ble to homogeneous sorption where the sorption of each sorbate
molecule on to the surface has equal sorption activation energy.
As shown in Table 3, maximum uptake of Cu(I) on 1500H is
about two times larger than that of 252H. This may be due to
the intrinsic properties such as ion exchange capacity of resin in
Table 2.

Redlich and Peterson [21] incorporated the features of the
Langmuir and Freundlich isotherms into a single equation and
presented a general isotherm equation as followed:

Ce 1

LR
e KRr

K e &)
where the exponent, f, lies between 0 (Henry’s law equation)
and 1 (Langmuir form). Plotting the C¢/g. of the above equa-
tion against Cf to obtain the isotherm constants is not possible
because of the three unknowns, ar, Kr and §. Therefore a min-
imization procedure is adopted to solve the above equation by
maximizing the correlation coefficient between the theoretical
data for g, predicted from the above equation and the experimen-
tal data. Redlich—Peterson values for the adsorption of copper
on to Amberjet 1500H and Ambersep 252H and the constants
and optimized values are presented in Table 3. The fitted values
of § for 1500H and 252H are 0.5 and 0.2, respectively. It means
that 1500H resin is well fitted with the Langmuir isotherm, while
252H follows Henry’s law.

Temkin isotherm, which considers the effects of the heat of
adsorption that decreases linearly with coverage of the adsorbate
and asorbent interactions, is given as Choy et al. [22].

The Temkin isotherm has been used in the form as follows:

RT RT
qe = TIHA + TIn(Ce) 6)

where 2L = B

The sorption data can be analyzed according to Eq. (6). The
liner plots of g, versus log C, enable to determine the constant
A and b. From Table 3 an A value of 252H is larger than that of
1500H. This means that the adsorbate/adsorbate interaction of
252H resin is larger than that of 1500H.

Another popular equation for the analysis of isotherm of a
high degree of rectangularity is that proposed by Dubinin and
Radushkevich [4].

Inge = Ings — Be? @)

where ¢ can be correlated:

6= RT In [1+C1] ®)

e

The constant B gives the mean free energy E of sorption per
molecule of the sorbate when it is transferred to the surface of
the solid from infinity in the solution and can be computed using

the relationship:

1

E NeT ©))
where R is the gas constant (8.31 J/mol K) and T is the absolute
temperature. Therefore a plot of In ge versus > enables one to
determine the constants g. and E and represented in Table 3.
From Table 3, 252H ion exchange resin is having more sorption
energy per sorbate when compared with Amberjet 1500H.

Based on the adsorption isotherm studies the uptake capacity
of 1500H is larger than that of 252H due to the intrinsic ion
exchange capacity, while the adsorbate/adsorbate interaction of
1500H is smaller than that of 252H.

3.2. Error analysis for isotherm studies

In the single component isotherm studies, the optimization
procedure requires an error function to be defined in order to be
able to evaluate the fit of the isotherm to the experimental equi-
librium data. In this study, five different error functions were
examined and in each case the isotherm parameters were deter-
mined by minimizing the respective error function across the
concentration range studied [23]. The error functions studied
were as follows.

3.2.1. The sum of the squares of the errors (ERRSQ)
The sum of the squares of the errors method can be repre-
sented by the equation

p
Z(Qe,calc - Qe,meas)iz (10)

i=1

where ge calc are the theoretical adsorbed solid phase concentra-
tion of copper on ion exchange resin, which have been calculated
from the isotherm Eqgs. (3) and (4), and ge meas are the experimen-
tally determined adsorbed copper concentrations obtained from
Eq. (1) using the experimentally measured equilibrium copper
liquid phase concentrations, Ce.

Although this is the most common error function in use, it
has one major drawback. Isotherm parameters derived using this
error function will provide a better fit as the magnitude of the
errors and thus the squares of the errors increases-biasing the
fit toward the data obtained at the high end of the concentration
range.

3.2.2. The hybrid fractional error function (HYBRID)

This error function was developed by the Ng et al. [23] to
improve the fit of the sum of the squares of the errors at low con-
centrations by dividing it by the measured value. It also includes
the number of degrees of freedom of the system — the number
of data points, n, minus the number of parameters, p, of the
isotherm equation — as a divisor:

100 zn: [(Qe,meas - Qe,calc)zl (11)
i

n—p de,meas

i=1
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3.2.3. Marquardt’s percent standard deviation (MPSD)

This error function was used previously by a number of
researchers in the field [24]. It is similar in some respects to
a geometric mean error distribution modified according to the
number of degrees of freedom of the system:

1 p

100 Z

n—p

2
(Ge, meas — Ge,calc)

12)

; e, meas .
i=1 Ge. i

3.2.4. The average relative error (ARE)
This error function [25] attempts to minimize the fractional
error distribution across the entire concentration range:

100 &

n
i=1

Ge,calc — qe,meas

13)

qe,meas i
3.2.5. The sum of the absolute errors (EABS)

This approach is similar to the sum of the squares of the errors.
Isotherm parameters determined using this error function would
provide a better fit as the magnitude of the error increased biasing
the fit towards the high concentration data:

14
ZWe,calc — Ge,measli (14)

i=1

Since all the experiments were carried out at m/V ratios of
almost exactly g/L, according to the formulation of the prob-
lem, both C, and ¢, contribute equally to weighting the error
criterion for the model solution procedure. Hence, the differ-
ence in the sorbed phase concentration reflects the differences
in the predicted concentration for both phases. From Figs. 1-4,
the EABS error function method provided the best parameters
for the isotherm equations in the copper—ion exchange system,
when the errors are being normalized for comparison purposes.
The results for the error analyses are shown in Table 4 for Fre-
undlich and Langmuir isotherms. From Table 4 the EABS has
the highest R” values between different error function meth-
ods and more significant. These data are used in the design

1.6
® (., exp
o 4q, ERRSQ v 2]
144 v g, HYBRID v §
v g, MPSD v 5]
m g, ARE &0 ®
124 0 % EABS A
& .
= a8
L
1.0 .
0.8 1 v
0.6 . T T T
-2.0 -1.5 -1.0 -0.5 0.0 0.5

log Ce

Fig. 1. Freundlich isotherm plots for copper onto Amberjet 1500H using various
error analysis methods (conditions: resin dosage =1 g/L; pH=5.8).

1.50
e q,exp
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v
0.50
]
=
0.251
25 20 A5 10 .05 0.0
log Ce

Fig. 2. Freundlich isotherm plots for copper onto Ambersep 252H using various
error analysis methods (conditions: resin dosage =2 g/L; pH=5.8).
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Fig. 3. Langmuir isotherm plots for copper onto Amberjet 1500H using various
error analysis methods (conditions: resin dosage =1 g/L; pH=5.8).
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Fig. 4. Langmuir isotherm plots for copper onto Amberjet 252H using various
error analysis methods (conditions: resin dosage =2 g/L; pH=5.8).
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Table 4

Single component Freundlich and Langmuir isotherm results for copper onto 1500H ion exchange resins using various error functions

Name of the resins Parameters ERRSQ HYBRID MPSD ARE EABS
Kg 25.86 28.77 28.34 24.53 24.31

1500H (Freundlich isotherm) n 0.4212 0.3974 0.3619 0.3974 0.4217
R? 0.928 0.7688 0.8751 0.9778 0.989
Q0 34.96 40.16 34.96 28.08 28.33

1500H (Langmuir isotherm) b 5.5 4.698 5.72 7.27 7.20
R? 0.9871 0.988 0.9962 0.9992 0.9989
Kr 28.563 35.003 32.063 27.196 27.064

252H (Freundlich isotherm) n 0.539 0.579 0.468 0.487 0.519
R? 0.983 0.931 0.908 0.982 0.995
00 18.55 38.61 30.96 18.48 14.99

252H (Langmuir isotherm) b 15.4 7 11.54 17.45 20.21
R? 0.978 0.945 0.926 0.970 0.994

of commercial adsorbers and consequently the more accurate 13

the isotherm parameters, the more accurate are the system

design. 1.2

3.3. Adsorption kinetic model 1.1

_— . : : Ei
The kinetics of adsorption describes the rate of copper ions & 1.0

uptake on ion exchange resins and this rate control the equi- 2

librium time. The kinetics of adsorbate uptake is required for 0.0

selecting optimum operating conditions for the full-scale batch

process [26]. The kinetic parameter, which is helpful for the 0.8

prediction of adsorption rate, gives important information for

designing and modeling the processes. Thus, the effects of initial 07 ! ‘ : :

concentration, contact time, and adsorbent dosage were ana- 0.0 0.5 1.0 15 2.0

lyzed from the kinetic point of view. Preliminary studies on the
adsorption rate show that the amount adsorbed increased with
increased Cu(Il) concentration. The maximum amount of cop-
per ions was adsorbed within the first 120 min (70-90% of total
metal ions adsorbed) and thereafter the adsorption proceeds at a
slower rate until equilibrium reached. The equilibrium time was
found to be at 360 min for the initial Cu(Il) concentration range
studied. The rate of uptake increases as the ion exchange resin
dosage increases because it leads to more ion exchange sites
for adsorption. The kinetics of the adsorption data was analyzed
using different kinetic models such as pseudo-first-order and
pseudo-second-order models.

3.3.1. Pseudo-first-order kinetic model
For the rate constant for Pseudo-first-order chemical sorption
[27,28]

ki
2.303

log(ge — g1) = logge — t (15)
The term k; (h™!) is the first order adsorption rate constant,
ge the amount of metal adsorbed at equilibrium and ¢; is the
amount adsorbed at time ‘#’. The first order equation did not
apply throughout all the contact times in this work. It was appli-
cable over the initial 15-240 min sorption period. Plot of log
(ge — gq¢) versus “time” at different adsorbate concentrations
(Figs. 5 and 6) deviated considerably from the data after a short

Time (hr)

Fig. 5. Pseudo-first-order kinetics for Cu(II) onto Amberjet 1500H (conditions:
resin dosage =1 g/L; pH=5.8).

period. The calculated slopes and intercepts from the plots were
used to determine the rate constant k1 and equilibrium capacity
(ge)- The values of k1, g. and regression co-efficient provided in
Table 5.

1.0
v ® 10ppm
o) O 15 ppm
v 20ppm
0.5 4
T, 0.0
Z
<23
o
-0.5
v
-1.0 T T T T
0 1 2 3 4

Time (hr)

Fig. 6. Pseudo-first-order kinetics for Cu(II) onto Ambersep 252H (conditions:
resin dosage =2 g/L; pH=5.8).
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Table 5

The pseudo-first-order rate constant and intraparticle diffusion value at different initial concentrations of copper removal by Amberjet 1500H and Ambersep 252H

ion exchange resins

Concentration of
copper (mg/L)

Name of the resin

Pseudo-first-order rate R?
constant k; (h™")

Intraparticle diffusion
constant, kg (mg/g h!/?)

10 0.2538
1500H 15 0.2197
20 0.3137

10 0.8845
252H 15 0.9255
20 0.8965

0.9601
0.9712
0.9609

5.1551
7.3620
9.8468

3.4230
4.8378
6.1470

0.9977
0.9932
0.9935

The variation in rate should be proportional to the first power
of concentration for strict surface ion exchange. However, the
relationship between initial solute concentration and rate of
adsorption will not be linear when pore diffusion limits the
adsorption process. It was observed from Fig. 5 that the Lager-
gren model fits well for the first 60 min and thereafter the data
deviate from the theory. Thus, the model represents the initial
stages where rapid adsorption occurs well but cannot be applied
for the entire adsorption process. A similar trend was previously
observed by Ho and McKay [29] for dyes on peat particles.
Ho and McKay [29] reported that the sorption data were repre-
sented well by the Lagergren first order kinetic model only for
the rapid initial phase that occurs for a contact time of 0-30 min.
This confirms that it is not appropriate to use the Lagergren
kinetic model to predict the adsorption kinetics for Cu(II) onto
ion exchange process for the entire sorption period, which shows
that the model can be applied but is not appropriate to describe
the entire process.

3.3.2. Pseudo-second order kinetic model
The pseudo-second order reaction is greatly influenced by the
amount of metal on the adsorbent’s surface and the amount of
metal adsorbed at equilibrium [30]. The rate is directly propor-
tional to the number of active surface sites. The pseudo-second
order reaction rate expression can be written as
o 1 + t (16)
a kg ge

The product kzqg is the initial sorption rate ‘%’ (Eq. (16))
rate = kgqi a7

where k> (g/mgh) is the pseudo-second order rate constant, ge
the amount adsorbed at equilibrium and g; is the amount of metal
adsorbed at time ‘7. Plotting #/q; against s’ at different adsobate
concentrations (Figs. 7 and 8) provided second order sorption
rate constant (ky) and g values from the slopes and intercepts
(see Table 6). The correlation co-efficient (R?) for these plots are
superior. From Table 6, it was observed that the pseudo-second
order rate constant (k) decreased with increased initial concen-
tration and the initial sorption rate (h) was found to increase with
increased initial Cu(Il) concentration. The calculated g. values
agree very well with the experimental values, and a regression
co-efficient shows that the model can be applied for the entire

0.7

® 10 ppm
O 15ppm
0.64 ¥ 20ppm

0.5

0.4

0.3 /
0.2

0.1

t/q,

T T

4 5
Time (hr)

w

o 4

Fig. 7. Pseudo-second-order kinetics for Cu(II) onto Amberjet 1500H (condi-
tions: resin dosage = 1 g/L; pH=5.8).

adsorption process and confirms the chemisorptions of Cu(Il)
onto ion exchange resins.

3.3.3. Adsorption mechanism

The prediction of the rate-limiting step is an important fac-
tor to be considered in the adsorption process [31]. It is gov-
erned by the adsorption mechanism, which is generally required
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Fig. 8. Pseudo-second-order kinetics for Cu(II) onto Ambersep 252H (condi-
tions: resin dosage = 1 g/L; pH=5.8).
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Table 6

The pseudo-second-order rate constant value at different initial concentrations of copper removal by Amberjet 1500H and Ambersep 252H ion exchange resins

Sorbent name Concentration of copper (mg/L)

Pseudo-second-order rate
constant k (g/mgh)

Equilibrium mass of copper sorbed R?
on ion exchange resins, ge (mg/g)

10 0.01167 17.7619 0.9879

1500H 15 0.0068 27.7008 0.9828
20 0.0052 37.1747 0.9800
10 0.1432 6.009 0.9947

252H 15 0.1129 8.810 0.9963
20 0.0834 11.750 0.9958

for design purposes. For a solid-liquid sorption process, the 12

solute transfer is usually characterized by external mass transfer t 32 ggg

(boundary layer diffusion), or intraparticle diffusion, or both. 101 —v— 20 ppm Y

The adsorption of Cu(II) onto ion exchange resins may be con- .

trolled due to film diffusion at earlier stages and later by the 8- ;/

particle diffusion. The most commonly used technique for iden- 5 /,/ G e

tifying the mechanism involved in the adsorption process is by g 64 P

fitting and intraparticle diffusion plot. = o

According to Weber and Morris [32], an intraparticle diffu- 4 /"' o
sion coefficient kiq is given by the equation = /O__-O
g = kigt®? (30) 21 Aie
e
The plot of g; versus 0.5 as shown in Figs. 9 and 10 represents 0¥ . ‘
the different stages of adsorption. An initial steep-sloped por- 0 €2 (hr'"2) 2 3

tion is followed by a linear portion to the intraparticle diffusion
and a plateau to the equilibrium [4]. The initial steep-sloped
portion is (from 0 to 1h'?) is attributed to external surface
adsorption or instantaneous adsorption, while the gentle-sloped
portion (from 1 to 2h'/?) is attributed to gradual adsorption.
This reveals that the intraparticle diffusion is rate-controlled and
leads to a plateau to the equilibrium. It should be noted that
the intraparticle diffusion starts to slow down due to extremely
low solute concentration in solution. The intraparticle diffusion
rate was obtained from the slope of the gentle-sloped portion
(Table 5). The kiq value was higher at the higher concentrations.
With the decrease of the copper concentration in the solution,
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Fig. 9. Intraparticle diffusion plots for adsorption of copper on Amberjet 1500H
(conditions: resin dosage=1g/L; pH=5.8).

Fig. 10. Intraparticle diffusion plots for adsorption of copper on Ambersep 252H
(conditions: resin dosage=2 g/L; pH=5.8).

the diffusion rate became lower and lower, and the diffusion
process reached the final equilibrium stage. It is seen that the
order of adsorption rates was first stage (kiq,1) > second stage
(kig,2) > third stage (kig;3). Therefore the changes of kiq 1, kid,2,
and k;q 3 could be attributed to the adsorption stages of the exte-
rior surface, interior surface and equilibrium, respectively. This
interpretation is consistent with the pseudo-second-order rate.

4. Conclusion

In this study, the effects of parameters such as amount of
resin, contact time, isotherm studies, error analysis and kinetic
studies have been investigated. The work evaluates the Amberjet
1500H and Ambersep 252H cation exchanger resin contain-
ing sulfonated functional groups for removing target pollutant
Cu(II) from aqueous solutions and focus on the binding equi-
librium and batch studies of metal ions. Amberjet 1500H and
Ambersep 252H resins are acidic this makes it highly reactive.
The adsorption degrees for the Cu(Il) ions were determined
at room temperature by using Amberjet 1500H and Ambersep
252H resins. Based on the adsorption isotherm studies the uptake
capacity of Cu(Il) on 1500H is larger than that of 252H due to the
intrinsic ion exchange capacity, while the adsorbate/adsorbate
interaction of 1500H is smaller than that of 252H. The EABS
error function provides the best parameters for the isotherm
equation in this system. The isotherm parameters are different
from those values obtained using linearised data analysis and
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must be considered more accurate for application in the design
of commercial adsorbers. Furthermore, different values of the
Freundlich and Langmuir isotherm constants are obtained using
the different error analysis methods. This is a significant conclu-
sion even though the constants from the linear and non-linear
error analysis are quite close. The kinetic data would be use-
ful for developing an appropriate technology for designing a
wastewater treatment plant. For all the system studied, chem-
ical reaction seems significant in the rate-controlling step and
the pseudo-second-order chemical reaction kinetics provide the
best correlation of the experimental data for both 1500H and
252H. We conclude that ion exchange resins could be exploited
for applications in the tertiary level treatment of potablewaters,
industrial effluents as well as it can be applied for the treatment
of coolant water in the nuclear power plants. Detailed studies
will be needed to further evaluate ion exchange resins in the
treatment of coolant water in the nuclear power plant.
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