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ABSTRACT

Iminodiacetate chelating resin (IDAR) was prepared for removal of heavy metal ions from
aqueous media. The prepared resin showed a powerful uptake behavior toward Cu(ll),
NidI), Hg(Il), and Co(Il). Different experimental parameters such as solution pH, metal ions
concentration, contact time, and adsorption temperature were studied in batch method. The
maximum adsorption capacity was found to be 1.79, 1.72, 0.96, and 1.26 mmol/g resin for
Cu(I), Ni(I), Hg(I), and Co(l), respectively. The experimental data were analyzed by
Langmuir, Freundlich, and Temkin isotherm models. Equilibrium studies showed that the
data of metal ions adsorption followed the Langmuir model. Also, the kinetic and thermo-
dynamic parameters of the adsorption process were estimated. These parameters showed
that the adsorption process is spontaneous and followed the pseudo-second-order kinetics.
Additionally, the removal of metal ions using (IDAR) chelating resin has been studied using
column technique as well. Elution of chelating resin loaded with Cu(Il), Ni(I), and Hg(II)
was successfully performed with 0.2 M HNO; solutions and the resin could be reused for
five sorption-desorption cycles with small loss of adsorption capacity. Co(Il) was partially
eluted under these conditions and penetrated throughout the length of the column.

Keywords: Chelating resin; Iminodiacetate; Kinetic models; Batch method; Column method;
Heavy metal ions

1. Introduction

Environmental contamination with metal ions
gained recently more concern because of their high
persistence, and the nervous system damage, and even
cancer, caused by their accumulation at certain levels.
The most frequent metal ions found in industrial
wastewater are copper, cadmium, nickel, mercury,
and cobalt, which are toxic at high concentrations

*Corresponding author.

[1,2]. A difficult problem encountered in the removal
of the heavy metals is that the target species are usu-
ally in low concentration and in complex mixtures.
Various separation methods such as precipitation,
chemical reduction, ion exchange, membrane separa-
tion, adsorption, and biological treatment have been
used to remove metal ions from Industrial wastewater
[3,4]. Among these methods, numerous researches
concentrated on metal ion recovery using adsorbent,
because they are reusable, easy separation, and have
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higher adsorption capacities and selectivity [5-12]. In
our previous articles, chelating resins containing dif-
ferent chelating groups were synthesized for removal
of metal ions from aqueous solution with high perfor-
mance [13-15]. Chelating resins with iminodiacetic
acid groups are commercially available and widely
used. For example, the resins Chelex 100, Purolite
S930, and Amberlite IRC-718 have been used to
remove metal ions from wastewater discharged from
printed circuit board manufacturing, which contains
copper, nickel, mercury, and cobalt [16-24].

In the present work, iminodiacetate chelating resin
was prepared and used to remove Cu(ll), Ni(Il), Hg
(II), and Co(Il) metal ions from aqueous medium
using batch and fixed bed column methods. The
effects of different controlling parameters like pH,
metal ions concentration, equilibration time, and tem-
perature on the adsorption capacity of the chelating
resin for Cu(ll), Ni(Il), Hg(II), and Co(Il) were exam-
ined by batch method. The experimental data were
fitted to Langmuir, Freundlich, and Temkin isotherm
models. Thermodynamic as well as kinetic properties
of the removal process were also clarified.
Breakthrough curves for the recovery of Cu(ll), Ni(I),
Hg(Il), and Co(Il) were also investigated by column
method.

2. Materials and methods
2.1. Materials

Acrylamide (AM) and N,N-methylenebisacry-
lamide (MBA) were pure grade products of Merck
Co., Germany. Ammonium persulfate (APS), sodium
hydroxide, sodium carbonate, chloroacetic acid,
ethylenediamine, and nitric acid purchased from
Sigma-Aldrich. Metal salts Cu(CH3;COO);-H,O, Ni
(CH3C00),-4H,0, HgCl,, and CoSO4,H,O were used
as sources for Cu(ll), Ni(II), Hg(II), and Co(Il), respec-
tively. All solvents used were of reagent grade and
were purified by distillation before use.

2.2. Synthesis and characterization of iminodiacetate
chelating resin (IDAR)

Iminodiacetate chelating resin (IDAR) beads were
synthesized according to the method reported in our
earlier work [14]. In brief, crosslinked polyacrylamide
CPM beads were synthesized by suspension polymer-
ization according to the method of Wang et al. [22].
Transamidation of CPM resin was carried out accord-
ing to former study [14]. Iminodiacetate chelating
resin IDAR beads were synthesized according to the
method reported in our earlier work [14].
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Fourier transform infrared spectra (FTIR) of the
prepared resins were performed as previously shown
[14].

Water regain factor, W %, represents the percent-
age of water absorbed by 1g of the resin. Water
regain was calculated according to the previously pub-
lished method [25]. One gram of swollen resin is
placed in a short column and centrifuged at 3,000 rpm
for 5min to remove excess water and then weighed.
The resin was dried at 70-80°C until complete dry-
ness, then the column is weighed again with and
without the resin. To calculate water regain, Eq. (1)
was used.

(Ww - Wd)

W %= e

x 100 ¢))

where W,, and Wy are weights (g) of the swollen resin
after centrifugation and dried resin, respectively.

2.3. Adsorption of metal ions
2.3.1. Uptake of metal ions using batch method

The optimum pH for metal ion uptake was deter-
mined by batch method. A sample of 100 ml of the
single-metal ion solution (5.0 mmol/L) is shaken with
0.1 g of resin for a desired duration. The pH of metal
ion solutions was adjusted. The adsorption value was
calculated by determining the metal ion concentration
before and after treatment. The concentration of the
metal ions in the solution was determined using Hita-
chi atomic absorption Z-6100 polarized Zeeman.
Experiments were carried out in triplicate. The quan-
tity of metal ions adsorbed per gram of the resin was
calculated using Eq. (2):

q — (CO _VVCC)V (2)

where g is the adsorption capacity (mmol/g). C, and
C. is the initial and the final concentrations of metal
ions (mmol/L), respectively, V is the volume of metal
ions solution (L), and W is the weight of dry resin (g).

To determine the optimum concentration of metal
ion adsorption, 100 ml of metal ion solution under dif-
ferent concentrations over a range of (1-25 mmol/L)
in a glass bottle (250 ml), after adjusting its pH to the
optimum adsorption value, the 0.1 g of chelating resin
was added to the bottle and shaken for a desired
duration. The resin was filtered and the concentra-
tion of the residual metal ion in the solution was
determined.
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To determine the equilibration time for the metal
under investigation, the metal ion solution and 0.1 g
of resin at optimum adsorption pH and optimum con-
centration were sampled in glass bottles. The bottles
were occasionally shaken and taken from the shaker
at suitable time intervals. The time of equilibrium for
all the metal ions was estimated in a similar method.

To determine the effect of temperature on metal
ion adsorption, 0.1 g of dry resin in a series of glass
bottles containing 100 ml of the metal ion solution
(1 mmol/L) at optimum adsorption pH. The mixture
was shaken under optimum shaking time while
keeping the temperature at 25, 35, and 45°C. After
adsorption, solution was filtered and the remaining
concentration of the metal ions was estimated.

2.3.2. Uptake of metal ions using column method

Chelating resin (1.0 g) was packed in glass column
(1.0 cm diameter, 10 cm height). Single-metal ion solu-
tion (5-7.2 mmol/L) at optimum pH was passed
through the resin at the flow rate 1.0 ml/min until the
metal ions completely leaked through the column into
the effluent. The remaining concentration of metal ions
in the effluent was analyzed by Hitachi atomic absorp-
tion Z-6100 polarized Zeeman. Metal ions were
removed from resin with 0.2 M HNOQOj;. After elution,
the resin was carefully washed with water, 0.2 M
NaOH solution, and finally with distilled water to
make it ready for reuse. The sorption desorption cycle
of metal ions was repeated five times.

The total metal ions adsorbed (m,q,, mmol) was
equal to the area under the plot of the adsorbed ions
concentration (C,gqs) (mmol/L) vs. t (min) and can be
calculated as the following [26,27]:

t=ttotal

Q

Madgs = m (Cads) dt (3)
=

0

where Q is the flow rate (ml/min).
The value of g. (mmol/g) is calculated as the
follows:

o Mads
qe - M (4)

where M is the dose of adsorbent (g). The metal
removal percentage can be calculated from the ratio of
the amount of the metal adsorbed (1,5,, mmol) to
the total amount of metal ions sent to the column
(Myora1, mmol) which can be calculated as follows:
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R % =24 100 5)
Miotal
C,Qt

Miotal = % (6)

The mass transfer zone At [28] is given by Eq. (7):

At =t —ty (7)

where t, is the breakthrough time (time at which the
concentration of metal ion in the effluent raised sud-
denly to an appreciable value) and t. is the bed
exhaustion time (time at which the concentration of
metal ion in the effluent exceeded 99% of the influent
concentration).

The length of mass transfer zone Z, [29] is
obtained from the breakthrough curve and is calcu-
lated from Eq. (8):

z. :Z(l _i_b> ®

€

where Z is the bed height in cm.

3. Results and discussion

3.1. Synthesis and characteristics of chelating resin
containing iminodiacetate groups (IDAR)

The chelating resin (IDAR) with iminodiacetate
groups employed in this work was synthesized
according to the procedure previously presented [14].
In brief, chelating resin bearing iminodiacetate groups,
derived from acrylamide—N,N-methylenebisacry-
lamide (CPM) copolymers, were prepared in two
steps: first, anion exchangers with primary amine
groups were obtained by the transamidation reaction
of CPM resin with ethylenediamine, and second, the
chelating resin (IDAR) was prepared by the reaction
of the primary amine groups with sodium
monochloroacetate. The structure of the chelating resin
is presented in Fig. 1.

FTIR of the synthesized resins were performed as
formerly shown [14].

The water regain for chelating resin was
determined to be 31.6 mmol/g (W % =57). This high
value indicates the hydrophilic character of the resin
which increases the uptake of metal ions.
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Fig. 1. Iminodiacetate chelating resin (IDAR).

3.2. Uptake of metal ions by batch technique
3.2.1. Optimum pH of metal ions uptake

The adsorption behavior of some metal ions on
chelating resin containing iminodiacetate moieties at
different pH values were examined by the batch tech-
nique and the results are shown in Fig. 2. At low pH
value, high concentration of H" can react with car-
boxylate ions (COO-) and amine groups. That is, H"
can compete with metal ions for adsorption sites and
decrease the adsorption capacity. This article repeated
the adsorption studies in the range of pH 1.0-6.6
because these metal ions could be precipitated by
OH™ to form metal(Il) hydroxide above natural pH.
Additionally, no adsorption was observed at pH 1
because the concentration of H" was much greater
than that of the metal ions, the adsorption capacities
of metal ions being zero should be reasonable. As
shown in Fig. 2, the sorption capacity increases with
increasing the pH of the solution from pH 1 to 6.6.
The optimum adsorption pH value (natural pH) at

1.2 1
~ 1.0 4
8
g
e 0.8
E
£ 06
z
é_ 04 1 ® Cull)
O 02 - O Ni(Il)
’ Vv HegdD
0.0 A Co(Il)
T T T T T
1 2 3 4 5 6 7

Fig. 2. Effect of pH on the uptake of metal ions; 25°C,
shaking time 4 h, and initial metal ion concentration of
5.0 mmol/L.
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which the maximum adsorption capacity for metal
being found at 5.5, 6.6, 5.0, and 6.0 for Cu(I), Ni(I),
Hg(I), and Co(ll), respectively. Therefore, for this
work all the following experiments were performed at
these optimum pH values.

3.2.2. Effect of initial concentration and equilibrium
isotherm models

Adsorption isotherms are used to describe the
relationship between the amount of adsorption and
equilibrium concentration of metal ions at constant
temperature. Fig. 3 shows the adsorption isotherms of
the studied metal ions at optimum pH. Inspection of
Fig. 3 reveals that the uptake increases with increasing
equilibrium concentration until reaching the saturation
value after which, the concentration no longer affects
the uptake of the metal ion. The capacity of the resin
is an important factor to determine how much resin is
required to quantitatively remove a specific metal ion
from the solution. The loading capacity was deter-
mined at optimum pH and the results expressed in
(mmol/g resin) of the resin are presented in Table 1.
The optimum concentration of metal ions for Cu(ll),
NidI), Co(), and HgdIl) are 14, 12, 12, and 14
(mmol/L), respectively. It is observed in Fig. 5 that
the maximum level of metal ion sorption was in the
order of Cu(Il) > Ni(II) > Co(Il) > Hg(II). It is shown in
Fig. 3 that the maximum uptake of metal ions was in
the order of Cu(l > Ni(l) > Co(I) > Hg(I). This
order is maybe related to the difference in ionic
radius of these ions. The ionic radius of the metal ions
are in the order of Cu(I) (0.70 A) < Ni(I) (0.72 A)
< Co(Il) (0.74 A) < Hg(Il) (0.83 A) [30,31]. A compar-
ison of the present chelating resin with those of

2.0

Capacity (mmol/ g resin )
5

@® Cudl
0.6 1 O Ni()
Hg(1I
0.4 v He(D)
v A Co(Il)
0.2 : - - " " " "
0 2 4 6 8 10 12 14 16

Concentration (mmol/L)

Fig. 3. Effect of initial metal ions concentration on the
adsorption capacity of Cu(II), Ni(I), Hg(I), and Co(ID);
25°C, shaking time 4 h, and at optimum pH value.



25722

different types of chelating resins in recent references
is shown in Table 1. The data presented in Table 1
reveal that, generally, the prepared chelating resin in
this work has a good advantage in metal ion adsorp-
tion more than the previously reported resins.

Various isotherm equations like Langmuir,
Freundlich, and Temkin were used to describe the
equilibrium characteristics of adsorption.

The Langmuir model presupposes that the resin
surface has sites of identical energy and each metal
ion located at a single site; it predicts the formation of
adsorbate monolayer on the adsorption surface. The
equation of Langmuir sorption model is formulated as
follows [32]:

C Ce 1

; - Qmax + KQmax (9)

where C, is the equilibrium concentration of metal
ions in solution (mmol/L), g is the equilibrium
adsorption capacity (mmol/g), Qmax (mmol/g) and K
(L/mmol) are the maximum adsorption capacity and
Langmuir constant, respectively. The values of Lang-
muir equation parameters are reported in Table 2.

Langmuir isotherm model was expressed in terms
of the dimensionless constant separation factor (Rp)
[33] which is defined by Eq. (10):

1

R = -
LT 14 KG,

(10)

Table 1
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where C, is the initial concentration (mmol/L). The
value of Ry indicates the shape of the isotherm to be
unfavorable (Ry >1), linear (Ry=1), favorable
(0 < Ry, < 1), or irreversible (Ry, = 0) [34,35].

The variation of Ry with concentration of metal ion
is shown in Fig. 4. R values were found to be
between 0 and 1 for all the concentrations of Cu(Il),
Ni(I), Hg(ll), and Co(Il) which indicates that the
adsorption of Cu(Il), Ni(Il), Hg(Il), and Co(Il) is favor-
able. It is shown that the R; values decreased by the
increasing metal ion concentration which indicates
that removal process is more favorable for the higher
concentration of metal ion than for the lower ones.

Freundlich isotherm is an equation which based on
multilayer sorption (heterogeneous surfaces). The lin-
earized form of Freundlich isotherm model is indi-
cated as [36]:

log g = N log C. + log K 11
where g is the equilibrium adsorption -capacity
(mmol/g), C. is the equilibrium concentration of metal
ion (mmol/L) and Kg is the Freundlich constant
(mmol/L); the term N is a measurement of effective-
ness of adsorption. Values of Kr and N were calcu-
lated from the slopes and intercepts of the straight
lines. The values of Freundlich equation parameters
are reported in Table 2.

Similar to R;, values of Langmuir isotherm, the val-
ues of N parameter in the Freundlich model indicate

Comparison of maximum adsorption capacity of the chelating resin with those of some other chelating resins reported in
literature for the adsorption of Cu(ll), Ni(II), Hg(II), and Co(II)

Sorption
capacity
Chelating resin Metal ions (mmol/g) Conditions Refs.
Cross-linked magnetic chitosan-isatin Schiff’s base resin Cu(I), Ni(Il), and 1.6, 0.68, and pH5.0,28°C  [5]
(CsIS) Co(ID) 0.9
Chelating fiber (PET-TSC) Cu(D), Hg(I), and 1.52,0.59,and  pH 5.0,30°C  [6]
Co(ID 1.32
Reduced size Dowex-50 (RDS-50) Cu(Il) and Ni(II) 1.31 and 1.21 pH 6.0, 25°C [7]
Poly (GMA-co-MBA) containing amino group Cu(I), Hg(I), and 1.58,3.35,and  pH7.5,10.0, [8]
Co(II) 1.1 4.0,25°C
Melamine—formaldehyde-diethylenetriaminepentaacetic Cu(D) and Co(II)  0.23 and 0.29 pH 65,25°C  [9]
acid (MF-DTPA)
Crosslinked poly(glycidyl methacrylate-glycine) (PGLY) Cu() and Ni(II)  1.22 and 1.07 pH 4, 25°C [10]
Polydithiocarbamate chelating resin Cu() and Ni(Il)  0.55 and 0.63 pH 5, 30°C [11]
Chitosan-grafted-poly(2-amino-4,5-pentamethylene- Cu(I), Ni(Il), and  2.36, 0.9 and pH 6, 30°C [12]
thiophene-3-carboxylicacid N-acryloyl-hydrazide) Co(II) 2.15
Iminodiacetate chelating resin (IDAR) Cu(D, Ni(Il), Hg  1.79,1.72,0.96, pH5.5, 6.6, This
(I), and Co(II) and 1.26 5.0,6.0,25°C  work
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Table 2
Parameters of Langmuir, Freundlich, and Temkin isotherms for ion exchange of metals on the chelating resin
Langmuir isotherm Freundlich isotherm Temkin isotherm
Metal ion Omax K R? N K R? Kt B R?
Cu(D) 1.85 1.311 0.992 0.155 1.16 0.906 468.7 0.197 0.871
NidI) 2.18 0.297 0.991 0.496 1.89 0.987 3.19 0.467 0.981
Hg(D 1.07 0.524 0.984 0.304 226 0.901 0.31 0.188 0.931
Co(ID 1.39 0.594 0.986 0.293 1.96 0.985 12.14 0.247 0.959
o 3.2.3. The effect of shaking time and sorption dynamics
o Ciii Kinetic experiments were done at the optimum pH
08 O Ni and optimum concentration of metal ions and the data
v He(D are listed Fig. 5. As indicated in Fig. 5, equilibrium
A CoIl) was attained within 35 min for Cu(l), Hg(I), and
061 Co(I) and 25 min for Ni(Il). The shaking for 10 min
oz was found to give 58% sorption for Cu(l), 71% for
0.4 Ni(I), 64% for Hg(lI), and 54% for Co(II). This high
initial rate indicates that the sorption of metal ions
02 occurs mostly on the surface of the resin.
Three well-known kinetic models were applied to
evaluate experimental data. For this purpose, Lager-
T o & o 4 1 .. sren’s pseudo-first-order kinetic model, pseudo-sec-

C, (mmol/L)

Fig. 4. Variation of adsorption intensity (R;) with initial
metal ion concentration (C,).

the type of isotherm as follows: irreversible (N =0),
favorable (0 <N < 1), or unfavorable (N >1). The
Freundlich constants (N values) shown in Table 2
were smaller than 1.0 for all the metal ions indicating
the facile adsorption process on the employed resin.

The linear form of Temkin isotherm model is indi-
cated by the following equation [37]:

g=BInKr+BInC, (12)
where B and Kr are Temkin constants which are
related to the heat of adsorption and adsorbent/adsor-
bate interactions, respectively. The values of Temkin
equation parameters are reported in Table 2.

The Langmuir, Freundlich, and Temkin sorption
constants calculated from isotherms and their correla-
tion coefficients are indicated in Table 3. From the bet-
ter correlation coefficient, it can be concluded that the
Langmuir sorption isotherm is more appropriate to
explain the uptake of Cu(l), Ni(I), Hg(II), and Co(II)
onto iminodiacetate chelating resin.

ond-order kinetic model and intraparticle diffusion
model were applied.

The linearized form of the first-order rate equation
by Lagergren and Svenska [38] is given as:

Ka S
log(ge — q,) = log ge — (2'383) (13)

where g. and g; are the amounts of the metal ions
adsorbed (mmol/g) at equilibrium and at time ¢ (min),
respectively, and K,qs is the sorption rate constant
(1/min).

The experimental results were as well applied to
the pseudo-second-order kinetic model [39] which is
given by the following equation:

Lo ()
7Kgz \q.

where K, (1/gmmol min) is the rate constant of
pseudo-second-order sorption reaction. The constants
related to these plots are given in Table 3. As it can be
seen from the results given in Table 3, correlation
coefficients are higher compared to the results
obtained from the first-order kinetics. So, it is possible
to suggest that the sorption of Cu(ll), Ni(Il), Hg(II),
and Co(Il) onto chelating resin followed a second-
order type reaction kinetics.

(14)
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Table 3

First-order, second-order, and intraparticle diffusion rate constants

Equations Parameters Cu(Il) NiI) Hg(ID) Co(I)

Pseudo-first-order kinetic equation g (mmol/g) 1.75 3.94 1.24 1.57
K,gs (1/min) 0.087 0.223 0.119 0.092
R? 0.991 0.894 0.932 0.891

Pseudo-second-order kinetics g (mmol/g) 2.20 1.95 1.157 1.65
K, (g/mmol/min) 0.046 0.0146 0.107 0.046
R? 0.995 0.991 0.995 0.986

Intraparticle diffusion equation Kiq (mmol/g/min'/?) 0.219 0.170 0.110 0.174
R? 0.928 0.732 0.904 0.939

2.0
1.8 4
16 -

i)

g 14+

L0

3 12

g

£

Z 104

g

a 084 -

8 ® Cull
0.6 - O Ni(I)

v Hg(l)
0.4 4 A Co(In)
0.2 ; ; ‘ ‘ ‘
0 10 20 30 40 50 60

Shaking time (min)

Fig. 5. Effect of shaking time on the adsorption capacity of
Cu(I), Ni(I), Hg(I), and Co(Il); at optimum pH, optimum
concentration and at 25°C.

The intraparticle diffusion model is based on the
theory projected by Weber and Morris can be indi-
cated as [40]:

d tOE (15)

= K;
where Ki4 is the intraparticle diffusion rate constant
(1/mmol g min”®). The constants related to these plots
are given in Table 3. According to Eq. (15), if the plot
gives a straight line, then the uptake of metal ions is
controlled only by the intraparticle diffusion, but if
the uptake results give a multilinear plot it indicates
that there are two or more stages relating in the
uptake process.

As can be seen from Fig. 6,
ions was controlled by three
rapid external surface sorption;
where intraparticle diffusion is

the uptake of metal
different steps: (1)
(2) gradual sorption
rate controlled and

(3) final equilibrium stage due to the low concentra-
tion of metal ions, in addition to the low number of
available sorption sites. Based on these data, it could
be concluded that the intraparticle diffusion was not
the only rate-controlling stage. Therefore, the sorp-
tion process may be a complex nature consisting of
both surface sorption and intraparticle diffusion.
Additionally, all of these propose that the sorption
of metal ions on chelating resin could be controlled
by external mass transfer followed by intraparticle
diffusion.

3.2.4. Adsorption thermodynamics

The thermodynamic parameters for adsorption of
metal ions were calculated at three different
temperatures (25, 35, and 45°C). Hundred milliliters of
metal ion solution with a concentration of (1 mmol/L)
was allowed to equilibrate with 0.1 g of resin. The

2.0
1.8
1.6

2 141

Z

S 12

g 1.0

g

= 08 K- ® Cull)

P4 .
06 4 P = o Ni(l)
Nl v Hg(n
0.4 v A Co(ll)
02 , . . . . .
1 2 3 4 5 6 7 8

? (min)

Fig. 6. Plot of Weber-Morris intraparticle diffusion model
for the adsorption of metal ions on chelating resin.
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3.0
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o 1.5
v
S
] \
054 [@ Cudl
O Ni(Il)
0.0 v Hgdh
A Co(ll)
3.10 3.15 3.20 3.25 3.30 3.35 3.40

Tx 103 (K™

Fig. 7. Plot of InKyq as a function of reciprocal of
temperature (1/T) for the adsorption of metal ions on
chelating resin.

distribution coefficient for the adsorption process, Kg,
calculated with Eq. (16) [41]:

G -C_V

Kd C X W (16)

where C, and C are the initial and equilibrium con-
centration of the metal ions in aqueous phase, V is the
total volume of the solution taken in liter and W is the
weight of the resin used in grams.

To calculate the free energy of the adsorption
(AGy,), Eq. (17) was applied:

AG;

ads

= —RT In Kq4 17)

Eq. (18) allows calculating the enthalpy (AHZ;) and

entropy (AS:,,) of the sorption by plotting In K4 vs. 1/T.

AS5,,  AH;
In Ky = ‘;ads - (18)

where R (8.314]/mol K) is the gas constant. The
values of the slope and the intercept from Fig. 7 give
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AH3, and AS;; for the adsorption of Cu(ll), Ni(Il), Hg
(I), and Co(Il) ions on the resin. The thermodynamic
parameters were listed in Table 4. As shown in
Table 4, positive values of AH;, indicates the
endothermic natures of metal ions sorption [42,43].
The positive values of AS;,. may be related to the
increased randomness due to the liberation of water of
hydration drying the adsorption of metal ions [42,43].
The negative values of Gj;, obtained indicate that the
sorption reaction is spontaneous.

3.3. Adsorption of metal ions using column method

The prepared chelating resin (IDAR) was also
found successful in removal of metal ions by column
method. The breakthrough curves are indicated in
Fig. 8. In the column technique, metal ion solutions
(5-7.2 mmol/L) at optimum pH were allowed to flow
gradually through the column with a flow rate of
1.0 mL/min at 25°C. The obtained breakthrough
curves show that using 1.0 mL/min flow rate of heavy
metal ions, the solutions start to breakthrough at 70,
110, 90, and 110 mL of effluent for Cu(Il), Ni(Il), Hg
(I, and Co(ll), respectively. Uptake of metal ions
were calculated and tabulated in Table 5.

Several models were applied to predict the break-
through curve and also to calculate the column kinetic
constants and the maximum adsorption capacity of a
column. These models such as Thomas model that is
the most general and widely used one. The data were
fitted to the Thomas model [44] using nonlinear
regression analysis, Eq. (19):

Cer 1
Co  1+exp(((KpygpM)/Q) — (KmCoVerr)/Q))

(19)

where C. is the effluent concentration (mmol/L), C,
the influent concentration (mmol/L), Q the flow rate
(ml/min), V. the effluent volume (ml), M the mass of
the adsorbent (g), and ¢ the time (min), while Ky, is
the Thomas rate constant (ml/mmol min), g1y, the max-
imum metal sorption capacity of the resin (mmol/g).
The Thomas rate constant (Ky,), maximum metal

Table 4
Thermodynamic parameters for the adsorption of metal ions onto chelating resin

—AG,;, (kJ/mol)
Metal ion 298 K 308 K 318K AH;, (k] /mol) ASZ. (J/mol) R?
CuD 5.44 6.14 6.78 14.49 66.93 0.998
Ni(ID) 1.16 2.01 2.90 24.75 86.96 0.999
Hg(ID) 0.097 1.13 2.35 33.56 49.46 0.997
Co(ID 0.028 1.46 2.72 36.08 120.22 0.999
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Fig. 8. Breakthrough curves for Cu(II), Ni(II), Hg(Il), and Co(Il); initial concentration is 7.2, 7.1, 5.0, and 6.0 mmol/L,
respectively, flow rate is 1.0 ml/min at optimum pH and at 25°C.

Table 5

The breakthrough parameters and Thomas constants for Cu(Il), Ni(II), Hg(II), and Co(Il) at flow rate of 1 ml/min and

bed height column of 5 cm

Breakthrough analysis

Thomas model

Co de qth Krn
Metal ion (mmol/L) t, (min) t. (min) At (min) Z,, (cm) (mmol/g) R % (mmol/g) (mL/mmol/min) R?
Cu(ID) 7.2 70 330 260 3.94 1.51 60 1.642 3.764 0.9445
Ni(II) 7.1 110 330 220 3.33 1.44 58 1.534 29014 0.9209
Hg(ID) 5 90 250 160 3.2 0.64 47 0.78 5.2 0.9927
Co(ID) 6 110 270 160 2.963 0.92 53 1.0212 4.2667 0.974

sorption capacity of the resin (grn), and correlation
coefficient were calculated and presented in Table 5.
The chelating resin containing metal ions were
subjected to regeneration using nitric acid (0.2 M). In
order to examine the durability of the prepared chelat-
ing resin, successive sorption—elution cycles were
repeated five times. From the sorption—elution process,
it is clear that the sorption capacities showed a small
decrease after five regeneration cycles. The adsorption

capacity decreased to 85, 90, and 88% for Cull),
Ni(I), and Hg(Il), respectively, after five regeneration
cycles as reported in Table 6. The elution of Co(Il) still
remained incomplete; this is most likely because Co(II)
is partially oxidized on the chelating resin giving a
much more stable (Co(Ill)-resin) complex [45]. There-
fore, it is fulfilled that iminodiacetate chelating resin is
a durable chelating resin for the removal of metal ions
from aqueous media.
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Table 6
The adsorption capacities (%) of the resin after repeated adsorption—desorption operations

Capacity (mmol of M(II)/g resin) %

Metal ion Recycle 0 Recycle 1 Recycle 2 Recycle 3 Recycle 4 Recycle 5
Cu(D) 100° 98 96 91 88 85
Ni(ID) 100° 99 98 96 93 90
Hg(ID) 100¢ 98 97 95 90 88
Co(I) 1004 - - - - -

ACu(Il); sorption capacity of the original chelating resin was 1.51 mmol/g resin.
PN(IT); sorption capacity of the original chelating resin was 1.44 mmol/g resin.
“Hg(II); sorption capacity of the original chelating resin was 0.64 mmol/g resin.
4Co(ID); sorption capacity of the original chelating resin was 0.92 mmol/g resin.

4. Conclusion

According to this study, we can say that iminodiac-
etate chelating resin is an efficient for adsorption of Cu
(ID, Ni(II), Hg(I), and Co(Il) from aqueous media. In
batch technique, the optimum adsorption pH values of
metal ions occur in the range of 5.0-6.6 depending on
the metal ion used. Metal ions adsorption increases
with increasing concentration of metal ions. The maxi-
mum uptake of iminodiacetate chelating resin followed
the order Cu(Il > Ni(II) > Co(II) > Hg(I). Equilibrium
isotherm data were treated using three different mod-
els. Among these models, Langmuir model is the best
fitting model agreement with the experimental data
with high R® Kinetic study showed that the pseudo-
second-order model is suitable to explain the removal
of metal ions. The sorption dependence of Cu(ll),
Ni(Il), Hg(I), and Co(II) on temperature was studied
and the thermodynamic parameters AG®, AH", and AS”
were evaluated. The results show a feasible, sponta-
neous, and endothermic adsorption process. Also the
chelating resin was highly valuable for the sorption of
metal ions by column technique. Elution of metal ions
was done using nitric acid and the resin used repeat-
edly with small decrease in adsorption capacity. In
conclusion, the outcomes from this investigation sup-
port the view that iminodiacetate chelating resin
(IDAR) is an efficient resin for removal of metal ions
from aqueous solutions.
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