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Sequestering of Cd (II) and Ni (II) from aqueous solutions onto chelex 100
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ABSTRACT

The chelating exchange resin Chelex 100, with functional group iminodiacetic acid (IDA), was
used to remove Cd (II) and Ni (II) from aqueous solutions. Batch elution experiments using Cd
(IT) and Ni (II) solutions were compared. Experiments were finally performed at different pH
values (2.0-7.0), metal ion concentrations (10-500 mg/1), and resin dose (1 g-15 g/1 of metal ion
solution), stirring speed (50-250 rpm) and contact time (10-120 min) at 25 + 5°C. Maximum
metal removal was observed at pH 5.0 to 6.0. The removal efficiency of Chelex 100 for Cd (II)
and Ni (II) removal were found to be 100% and 82.5% respectively for dilute solutions at 15 g/1
resin dose under optimized conditions. The results revealed that Cd (II) and Ni (II) can be con-
siderably removed by chelex 100 and it could be a potential material for the removal of these

heavy metals from aqueous systems.
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1. Introduction

Water plays an important role in natural environ-
ment, and social development, but the subsequences
of water use are municipal wastewaters and industrial
wastewaters. Heavy metals are released into the environ-
ment due to rapid industrialization and have created a
major global concern. Heavy metal pollution is currently
of great concern due to increased awareness of the haz-
ardous effects of the elevated levels of these chemicals in
the environment [1]. Cadmium, nickel, chromium, cop-
per, lead and mercury are often detected in industrial
wastewaters, which originate from metal plating, min-
ing activities, smelting, battery manufacture, tanneries,
petroleum refining, paint manufacture, pesticides, pig-
ment manufacture, printing and photographic, radia-
tor manufacturing, alloy industries, storage batteries
industries, etc. [2,3] and these usually contain metal-ion
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concentrations much higher than the permissible levels
and do not degrade easily into harmless end products
[4]. The Ni (II) concentration in wastewater from mine
drainage, tableware plating, metal finishing and forg-
ing has been reported up to 130 mg/1. The permissible
limits of cadmium for the discharge of wastewater are
0.1mg/l in India. Separation of heavy metals from
wastewater has received a considerable amount of atten-
tion in recent years due to the concern that heavy metals
can be readily absorbed by organisms. These absorbed
heavy metals consequently enter human food chains,
and thus exert a high health risk to the community and
biosphere in general [5]. Due to their high toxicity, indus-
trial wastewaters containing heavy metals are strictly
regulated and must be treated before being discharged
in the environment. Industrial wastewaters containing
heavy metals are generally treated by adjusting solu-
tion pH to form metal precipitates followed by coagula-
tion, clarification and filtration. Although the chemical
precipitation method is quite effective for heavy metal
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removal, the resultant heavy metal sludge is classified as a
hazardous solid waste and needs to be adequately treated.
Sometimes, treatment and final disposal of metal laden
sludge is more problematic than treating heavy metal-con-
taining wastewaters. Other methods such as electrodialy-
sis [6], reverse osmosis [7,8], biosorption including some
economic bio-adsorbent [9-15] and adsorption [16-21] are
also feasible with certain limitations.

Among the heavy metal removal processes, ion
exchangers are very effective to remove various heavy
metals and can be easily recovered and reused by regen-
eration operation. Ion-exchange resins have a variety of
different types of exchange materials, which are distin-
guished into natural or synthetic resin. The use of the ion
exchangers to remove metals from wastewater has been
extensively studied. Previous researches focused on the
equilibrium relationship between the ion exchange resin
and exchanged ions [22,23]. However, selective recov-
ery or removal of one or more heavy metals from multi-
metal mixtures using common organic cation exchange
resins is generally not feasible, particularly for those
metal ions with the same valency [24,25]. In yesteryears,
use of chelating resins for this purpose has been exten-
sively examined [26-28]. For such studies, the resins
with IDA (Imminodiacetic Acid) ligand such as Chelex
100, Amberlite IRC 748, and Purolite S930 have been
often used due to their high selectivity and low manufac-
turing cost [29]. The IDA ligand could provide electron
pairs so that the binding forces for alkaline earth metals
is 5,000 times than those for alkali metals such as Na*;
i.e., the IDA ligand can readily react with heavy metal
ions to form a stable coordination covalent bond [25-29].

The removal behaviors of Cd (II) and Ni (II) with
Chelex 100 cation exchange resin were investigated
in this study. The effects of pH, adsorbent dose, con-
centration of metal ions and contact time have been
investigated. The data obtained may be useful for envi-
ronmental engineers in designing heavy-metal-contain-
ing wastewater treatment systems.

2. Materials and methods
2.1. Preparation and conditioning of resin

The chelating resin, Chelex 100 (Fluka chemicals,
USA), containing iminodiacetic acid functional ligand was
used. The physical properties and specifications of Chelex
100 as reported by the suppliers are given in Table 1. Prior
to use, the resins were washed with 1 mol/dm? HCI and
1 mol/dm?® NaOH to remove possible organic and inor-
ganic impurities, washed with double distilled water for
three times, and converted to Na* form with 1 mol/dm?
NaCl for 12 h. Chelex 100 was finally washed with double
distilled water and dried in vacuum oven at 60°C.

2.2. Reagents

Stock metal solutions of Cd (II) (1000 mg/1) and
Ni (II) (1000 mg/1l) were prepared by dissolving cad-
mium nitrate and nickel nitrate (Merck, AR Grade)
respectively in double distilled water. The stock solu-
tions were diluted with distilled water to obtain the
desired concentration range for all the metal ions. pH
of the solutions was adjusted by 0.01 mmol NaOH/0.01
mmol HCl using pH meter (Thermo-Orion, 420A). Ni (II)
concentration was determined using standard methods
[Double Array UV-Vis Spectrophotometer, Agilent 8453]
using standard methods [30]. The Cd (II) concentration
was determined potentiometrically using Thermo Orion
920A ion selective meter.

2.3. Experimental

Batch experiments were carried out at various
pH (2-8), resin dose (0.1 -1.5 g), for a contact time of
60 min. For each batch experiment, 100 ml metal ion
solution of 50 mgl™ concentration was used. After add-
ing desired amount of resin, pH was adjusted and the
mixture was agitated on a mechanical shaker for 60 min.
After that the mixture was centrifuged at 4000 rpm for
10 min to separate the resin from supernatant. The resid-
ual concentration of metal ion in supernatant was deter-
mined as stated in the reagent section. All experiments
were replicated thrice for all the metal ion solutions and
results were averaged. The percentage removal (R %) of
the metal ions was calculated for each run by following
expression:

,Ci_ce

R(%) = %100

i

where C, and C, were the initial and final concentration
of metal ion in the solution. Under the experimental

Table 1
Physical and chemical properties of the chelating resins
used (As provided by the supplier)

Properties Chelex 100

Grade Industrial Grade
Physical form Opaque, beige beads
Functional group Paired Iminodiacetic acid
Matrix Styrene-divinylbenzene
Structure Macroporous

Particle size (mm, dry) 50-100 Mesh

Capacity (equiv/m? of resin) 1250

Bulk density ps (kg/m?) 968

pH range 0-14

Maximum operating 80-90°C

Temperature
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conditions, the removal capacities of Chelex 100 for each
concentration of studied metal ions at equilibrium were
calculated by following equation:

Cz’ - CE
o[ = v
Wr

where W, is the Weight of dry resin and V is the volume
of solution.

3. Results and discussion

Chelex 100 resin is composed of styrene divinyl-
benzene copolymers (Fig. la) with imminodiacetate
functional groups (Fig. 1b). Iminodiacetate ions act as
chelator for binding polyvalent metal ions. Chelex 100
is very effective in binding metal contaminants with
a high selectivity for divalent ions, without altering
the concentration on non-metal ions. At low pH, the
imines, nitrogen and the carboxyl groups are proton-
ated. The protonated nitrogen is positively charged, and
can attract anions; the carboxyl groups are neutral and
unreactive. As pH increases, anion sorption decreases
and cation sorption increases until at pH > 12 the resin
functions solely as a cation exchanger. In the case of
iminodiacetic acid type resin, the distribution coefficient
value reaches a maximum around pH 5 [31].

3.1. Effect of pH

The pH of the aqueous solution is an important
variable, which controls the removal of the metal at
Chelex-water interfaces. To determine the pH effect on
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Fig. 1a. Styrene divinylbenzene copolymers.
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Fig. 2. Effect of equilibrium pH on the amount of metal ions
exchanged with chelex 100 resin.

removal capacity of materials, solutions were prepared
at different pH levels from 2 to 7 before adding Chelex
100. The effect of pH on metal exchange was determined
in batch experiments and the results are given in Fig. 2.
The percentage removal followed increasing trend with
increasing pH values for all the metals. The removal
efficiency of Cd (II) and Ni (II) increases from 39 to
100% and 22 to 82% respectively for Chelex 100 resin
with increase in the pH from 3.0 to 5.0 for Cd (II) and
3.0 to 6.0 for NI (II). At lower pH, the removal was less,
may be because of the surface area of the resin was more
protonated and competitive exchange of ions occurred
between H* protons and free metal ions towards the fix-
ation sites [32]. Metal exchange starts when the pH rises
to the range where most acidic ion exchange sites start
to exchange hydronium ion for metal and the capacity
reaches the maximum value in the pH range where all
the ion exchange sites take part in the reaction and the
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functional group is able to form chelate rings with the
metal cations. The pH has a strong effect on the compet-
ing complexation. In waste solutions there are complex
forming agents, which dissociate and become reactive
as hydronium ion concentration decreases. In the neu-
tral region the autoprotolysis of water produces hydrox-
ide ions, and in the alkaline pH range hydrolysis of
cations and complexation with dissolved atmospheric
carbonate takes place, which interferes with metal sorp-
tion at trace concentrations. For avoiding precipitation
of metals high pH values were not preferable and the
optimum pH was chosen as in the region of pH 5-6 for
all the three metals [33].

3.2. Effect of resin dose

The removal of Cd (II) and Ni (IT) with Chelex 100
was studied at different resin dosages [0.1 to 1.5 g / 100
ml of Cd(II) solution] keeping metal ion concentration
(50 mg/1), stirring speed (250 rpm), pH (6.0 for Ni (II)
and 5.0 for Cd (II)) and contact time (60 min) constant.
The results (Fig. 3) indicate that increase in resin dose
resulted in a higher removal of Cd (II) and Ni (II). Maxi-
mum removal was observed with resin dose of 15 g/I
Chelex 100. The increase in the percentage removal with
increase in the resin dose is due to the increase in the
number of exchange sites. The removal capacity was
lesser at higher resin doses (Table 2). This may be attrib-
uted to overlapping or aggregation of exchange sites
resulting in decrease in total Chelex 100 surface area
available to metal ions and an increase in diffusion path
length.

3.3. Effect of contact time

Chelex 100 of definite mesh size [50-100 Mesh,
(ASTM)] was used to evaluate various kinetic param-
eters. pH of the solution was adjusted to the value at
which maximum sorption of respective metal ion takes
place. Metalion solution (50 mg /1), was shaken with1.5g
of exchanger in stoppered conical flasks at constant tem-
perature and predetermined time intervals with incre-
ments of 10 min (10, 20, 30, ... 120). The supernatant
was removed immediately after each prescribed time
interval and the metal concentration was evaluated.
Results so obtained from this study are described in
the Fig 4. Maximum removal was attained after 60 min.
(100% for Cd (II) and 81% for Ni (II). After 60 min very
less or no removal was observed.

3.4. Effect of stirring speed

A proper stirring is required for the proper contact
of the metal laden synthetic solutions with resin. To see
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Fig. 3. Effect of resin dose on the amount of metal ions
exchanged with chelex 100 resin.

Table 2
Removal capacities (mgg™) of different metal ions at
different resin doses of chelex 100

Resin dose (g/1) Cd (II) (mg/g) Ni (I) (mg/g)
0.5 62 45

0.75 56.6 41

1.0 50 40

1.25 40 32.8

15 33.3 27.8

Table 3

Removal capacities (mgg™) of different metal ions at
different metal ion concentrations

Metal ion concentration  Cd (II) Ni (IT)
(mg/1)

50 33.3 27.8
75 43 32.5
100 45.33 34.67

150 53 38
200 64 40
250 66.67 43.3
500 83.3 50

the effect of stirring speed on the sequestering capac-
ity of Chelex 100, mechanical shaking was given to the
resin mixed with solution from 50 rpm to 250 rpm. As
shown in the Fig. 5 maximum removal was observed at
250 rpm for the three heavy metals, reason being the
density of the resins is more so they generally do not
come in contact with the aqueous solution at low stir-
ring speed in batch scale experiments.
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Fig. 4. Effect of contact time on the amount of metal ions
exchanged with chelex 100 resin.
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Fig. 5. Effect of stirring speed on the amount of metal ions
exchanged with chelex 100 resin.

3.5. Effect of initial metal ion concentration:

Solutions of desired concentration (10-500 mg/g)
from the standardized NI (II) and Cd (II) stock solu-
tions were prepared using double distilled deionized
water. Fig. 6 shows the effect of varying metal concen-
trations on the removal under the optimized condi-
tions of 60 min contact time and 1.5 g of resin dose in
aqueous medium. It was found that the metal amounts
retained were almost stable in this concentration range
for all three metals. The maximum removal efficiency
was obtained as 100%, and 82.5% for cadmium (II) and
nickel (II) respectively with optimum concentration of
50 mg/L
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Fig. 6. Effect of metal ion concentration on the amount of
metal ions exchanged with chelex 100 resin.

4. Conclusion

A commercial cation exchange resin, Chelex 100, was
used in adsorption experiments to investigate removal
behaviors of the heavy metals Cd (II) and Ni (II) in aque-
ous solutions. The optimum dosage of the resin for the
removal of dissolved metal ions was 15 g/1 with a metal
concentration of 50 mg/1.

1. Each metal ion was almost totally exchanged onto the
resin, approaching equilibrium, within an hour from
the start of reaction. Additionally, the pH of the solu-
tion decreased as the reaction proceeded due to depro-
tonation of the imino-diacetate group of the resin.

2. The maximum amounts (%) of metals removed by
the resin were 100% for Cd (II) and 82.5% for NI (II).

3. The sorption properties of heavy metals onto Che-
lex 100 were strongly influenced by the presence
of competing cations in the solution. Cd (II) and Ni
(I) which have an equivalent electrovalence were
adsorbed onto the resin to similar degrees under sim-
ilar experimental conditions in the solution.

4. The metal selectivity of the resin was in the order of
Cd (II) > Ni (II).

References

[1] Sen Gupta Susmita and G. Bhattacharyya Krishna, Adsorp-
tion of Ni(II) on clays , Journal of Colloid and interference,
295(1) (2006) 21-32.

[2] K.Kadirvelu, K. Thamaraiselviand C. Namasivayam, Removal
of heavy metal from industrial wastewaters by adsorption
onto activated carbon prepared from an agricultural solid
waste, Bioresource Technol., 76 (2001) 63-65.



216

(3]

(4]

(5]

(6]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

U.K. Garg et al. / Desalination and Water Treatment 28 (2011) 211-216

CJ. Williams, D. Aderhold and GJ. Edyvean, Comparison
between biosorbents for the removal of metal ions from aque-
ous solutions, Water Res., 32 (1998) 216-224.

VXK. Gupta, M. Gupta and S. Sharma, Process development
for the removal of lead and chromium from aqueous solution
using red mud - an aluminum Industry waste, Water Res.,
35(5) (2001) 1125-1134.

D.C. Adriano, Trace elements in terrestrial environments: Bio-
geochemistry, bioavailability and risks of metals, Springer-
Verlag, New York.

T. Mohammadi, A. Razmi and M. Sadrzadeh, Effect of operat-
ing parameters on Pb*" separation from wastewater using elec-
trodialysis, Desalination, 167 (2004) 379 385.

A.P. Kryvoruchko, LD. Atamanenko and LY. Yurlova, Con-
centration/ Purification of Co (II) Ions by Reverse Osmosis
and Ultrafiltration Combined with Sorption on Clay Mineral
Montmorillonite and Cation-Exchange Resin KU-2-8n, J. Mem-
brane Sci., 228(1) (2004) 77-81.

Z. Ujang and G.K. Anderson, Performance of low pressure
reverse osmosis membrane (LPROM) for Separating Mono-
and Divalent Ions, Water Sci. Technol., 38 (1998) 521-528.

Z. Aksu and G. Donmez, J. Comparison of Copper (II) Biosorp-
tive Properties of Live and Treated Candida sp., Environmen-
tal science and health, A36 (2001) 367-381.

K.G. Bhattacharyya and A. Sharma, Adsorption of Pb (II) from
aqueous solution by Azadirachta indica (Neem) leaf power, J.
Hazard. Mater., B 113 (2004) 97-109.

J.R. Evans, W.G. Davids, J.D. MacRae and A. Amirbahman,
Kinetics of cadmium uptake by chitosan-based crab shells,
Water Res., 36 (2002) 3219-3226.

A. Kapoor and T. Viraraghavan, Biosorption of heavy metals
on aspergillus niger: Effect of pretreatment, Bioresource Tech-
nol., 63 (1998) 109-113.

Y. Sag and T. Kutsal, Biosorption of heavy metals by zoogloea
ramigera: Use of adsorption isotherms and a comparison of
biosorption characteristics, Chem. Eng. J., 60 (1995) 181-188.
UK. Garg, M.P. Kaur, D. Sud and V.K. Garg, Removal of Cd (II)
from aqueous solutions by adsorption on agricultural waste
biomass, ]. Hazard. Mater., 154 (2008) 1149-1157.

C.RT. Tarley and M.A.Z, Arruda, Biosorption of heavy metals
using rice milling by-products, Characterisation and Applica-
tion for Removal of Metals from Aqueous Effluents, Chemo-
sphere, 54 (2004) 987-995.

J.H. Choi, S.D. Kim, S.H. Noh, SJ. Oh and W.J. Kim, Adsorption
behaviors of nano-sized ETS-10 and Al-substituted-ETAS-10 in
removing heavy metal ions, Pb** and Cd**, Micropor. Mesopor.
Mater., 87 (2006) 163-169.

S.I. Lyubchik, AL Lyubchik, O.L. Galushko, L.P. Tikhonova,
J. Vital, LM. Fonseca and S.B. Lyubchik, Kinetics and thermo-
dynamics of the Cr(Ill) adsorption on the activated carbon

(18]

(19]

[20]

(21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

(30]

(31]

(32]

[33]

from co-mingled wastes, colloids surf. A: Physicochem. Eng.
Aspects, 242 (2004) 151-158.

SJ. Park and Y.M. Kim, Adsorption behaviors of heavy metal
ions onto electrochemically oxidized activated carbon fibers,
material science and engineering, A391 (2005) 121-123.

J.H. Suh and D.S. Kim, Comparison of different sorbents (Inor-
ganic and Biological) for the removal of Pb** from aqueous
solutions, J. Chem. Technol. Biot., 75 (2000) 279-284.

B. Yu, Zhang, Shukla, S. Shukla and K.L. Dorris, The removal
of heavy metal from aqueous solutions by sawdust adsorption
— removal of copper, ]. Hazard. Mater., B80 (2000) 33—42.
UK, Garg and D. Sud, Optimization of process parameters
for removal of Cr (VI) from aqueous solutions using modified
sugarcane bagasse, EJEAFChe, 4(6) (2005) 1150-1160.

J. Jangbarwala, Ion exchange resins for metal finishing wastes,
Metal Finishing, 95 (1997) 33-34.

C.C. Wang, CY. Chang and C.Y. Chen, Study on metal ion
adsorption of bifunctional chelating/ion-exchange resins,
Macromol. Chem. Phys., 202 (2001) 882-890.

W. Fries and D. Chew, Get the metal out, Chemtech, 23 (1993)
32-35.

A. Dabrowski, Z. Hubicki, P. Podkoscielny and E. Robens,
Selective removal of the heavy metal ions from waters and
industrial wastewaters by ion-exchange method, Chemo-
sphere, 56(2) (2004) 91-106.

C.N. Haas and V. Tare, Application of ion exchangers to recov-
ery of metals from semiconductor wastes, Reactive Polymers,
2 (1984) 61-70.

TH. Karppinen and A. Yli-Pentti, Evaluation of selective
ion exchange for nickel and cadmium uptake from the rinse
waters of a plating shop, Sep. Sci. Technol., 35 (2000) 1619-1633.
P. Menoud, L. Cavin and A. Renken, New regeneration process
of heavy-metal-loaded chelating resins, Chem. Eng. Technol.,
23 (2000) 441-447.

H. Eccles and H. Greenwood, CHKLBTE Ion-Exchangers: The
past and future applications, A User’s View Solvent Extraction
and Ton Exchange, 10(4) (1992) 713-727.

APHA, Standard methods for the examination of water and
wastewater, American Public Health Association, Washing-
ton, DC 16th Ed. 1995.

R.N. Ceo, M.R. Kazerouni and K.Rengan, Sorption of silver
ions by chelex 100 chelating resin, Journal of Radioanalytical
and Nuclear Cher, University Articles, 172(1) (1993) 43—48.
C.A. Coles and R.S. Yong, Aspects of kaolinite characterization
and retention of Pb and Cd, Applied Clay Science, 22 (2002)
39-45.

S. Kocaoba, Comparison of Amberlite IR 120 and dolomite’s
performances for removal of heavy metals, J. Hazard. Mater.,
147 (2007) 488-496.



