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ABSTRACT

Removal of heavy metal ion using polymeric adsorbents with chelating functionality is
one of the most effective and promising technique for wastewater treatment, due to their high
efficiency and ease of operation. So, there is an urgent need to develop new polymeric materials
with high metal binding capacity for removal of heavy metal ions from aqueous waste.
Ethylenediaminetetraacetic acid (EDTA) is a hexadentate chelating ligand capable of forming
1:1 complex with various heavy metal ions, iminodiacetic acid analogues to its half unit, offers
high scope if introduced into the polymers. The selectivity of these polymers towards metal
ions can be altered by changing the pH of the solution or by introduction of other functionalities
in these materials. The present thesis is focused on the design and synthesis of new
iminodiacetate-styrene base monomers. Monomers were further homopolymerized and
copolymerized with acrylic acid in the absence and presence of crosslinking agent to generate
the water-soluble homopolymers and crosslinked water-swellable polymeric gels, respectively.
These materials were evaluated for their potential in wastewater treatment applications. All
polymeric materials were synthesized by free radical polymerization of these monomers.

In the first Chapter, introduction and literature survey including an overview of
chelating polymers and their application in wastewater treatment is presented.

The synthesis of two new styrene-based iminodiacetate functionalized monomers, their
polymerization along with metal complexation studies on the synthesized water-soluble
homopolymer with various heavy metal ions are reported. New styrene-based monomers,
dimethyl 2,2'-((4-vinylphenyl) azanediyl)diacetate, M1 bearing dimethyl iminodiacetate
group, soluble in organic solvents and sodium 2,2'-((4-vinylphenyl)azanediyl)diacetate, M2
bearing iminodiacetate groups, soluble in aqueous medium were designed and synthesized in
good yields and characterized by NMR ('H and '*C), Fourier transform infrared (FT-IR)

spectroscopy, mass spectroscopy, melting point and elemental analysis. Polymers, soluble in
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organic medium were synthesized by free radical polymerization of M1 in bulk (P1-P9) and
solution (P11-P14) using BPO and AIBN initiators, respectively. Water-soluble homopolymer
P10, bearing sodium salt of IDA as the chelating group was obtained upon base hydrolysis of
P9 with an overall yield of 77%. Free radical polymerization of M2 in aqueous medium using
APS initiator generated the water-soluble chelating homopolymer P15, bearing sodium salt of
IDA as the chelating group in 50% yield. The solubility of water-soluble polymer was obtained
as 5 mg mL™! at room temperature. The water-soluble polymer P10 was investigated for its
ability to bind various heavy metal ions by UV—vis spectroscopy and was found to efficiently
sequester Cu?*, Cd**, Zn**, Pb*", Ni2*, Co*", Cr’", Fe*" and Fe*'. The effect of pH on Cu*"
binding with P10 was studied and it showed that every two IDA bearing monomeric repeat
units bind with one Cu?" ion at pH 7 suggesting that complexes analogous to EDTA are formed.
Thermogravimetric analysis (TGA) showed that the synthesized water-soluble polymer
possesses high thermal stability up to 400 °C. The potential for recovery and reuse of the
polymer has been demonstrated with Cu?** ion. The reported results suggest that this water-
soluble chelating homopolymer is an excellent material with very high potential for application
in wastewater treatment.

Furthermore, two new approaches for the design and synthesis of highly porous
polystyrene based resin (IDASR) bearing iminodiacetate functional groups in every repeat unit
are reported. The first method reports a two-step process consisting of free radical
polymerization of monomer M1 with N,N"-methylenebisacrylamide as crosslinker in organic
medium, followed by base hydrolysis. The second method is a one-step process involving the
free radical polymerization of M2 (water-soluble) with N,N’-methylenebisacrylamide as
crosslinker in aqueous medium. The physiochemical properties of the resins were characterized
by FT-IR, TGA, scanning electron microscope (SEM) and equilibrium swelling value (ESV).

Metal uptake capacity of water-swellable gel IDASR15 towards low concentrations of various
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toxic heavy metal ions such as Cu?’, Cd**, Mn?*, Zn**, Pb*", Ni*", Co?*", Co**, Cr*", Fe?", Fe’*
and AI** were investigated from their aqueous solution by batch method and found to be 0.943—
2.802 mmol g !. The maximum capacity was 2.802 mmol g ! obtained for Cu®* ion at pH 5.
The potential for regeneration and reuse has been demonstrated with Cu?" ion by batch and
column methods. The reported results suggest that IDASR15 is a highly efficient and porous
complexing agent for commonly found toxic metal ions in aqueous streams with a high ESV
of 68.55 g of water/g of IDASR15. It could also be reused with ~97% and ~99.5% of adsorption
efficiency as determined by batch and column methods, respectively which is very promising
and holds significant potential for wastewater treatment applications.

To enhance the adsorption capacity, three new porous crosslinked iminodiacetate
functionalized copolymers of monomer M1 with acrylic acid were designed. The copolymers
were synthesized in two steps: in the first step, free radical copolymerization of monomer M1
with acrylic acid (25/50/75 wt %) and N,N’-methylenebisacrylamide as crosslinker using
AIBN initiator was used to generate the resin IDAESAR, bearing dimethyl iminodiacetate
functional groups in 80—90% yield. In the second step, the methyl ester groups of IDAESAR
were hydrolyzed in presence of NaOH to synthesize the hydrophilic gel IDASAR, bearing
sodium salt of iminodiacetate functional groups in 80-85% yield. The resins were characterized
by SEM, FT-IR, ESV and TGA. IDASAR showed highly porous structure with good ESV of
16-19 g of water/g of copolymer. Thermogravimetric analysis showed IDASAR to have good
thermal stability up to 350 °C. Adsorption capacity of gels, IDASAR25, IDASAR50 and
IDASART5, towards various toxic heavy metal ions such as Mn**, Zn?*, Ni**, Cu®*, Pb*", Fe?",
Cd**, Co*", Mg*", Ca?>" Fe** Co®" and Cr’" were determined from their aqueous solution by
batch method and found to be 0.041-9.9635 mmol g '. The maximum capacity was obtained
for IDASAR25 with Zn?" ion at pH 5 and found to be 9.9635 mmol g!. IDASAR copolymers

showed the highest adsorption capacities of 9.9635, 9.3476, 7.1109, 6.1505 and 5.6225 mmol



g ! for Zn**, Cd**, Pb*", Cu?" and Ni*', respectively. Regeneration studies of IDASAR were
performed with HCI/NaOH by batch method and demonstrated with Cu®" ion as an example.
The reported results suggest that synthesized water-swellable gels are highly efficient
adsorbents for commonly found toxic metal ions in aqueous streams and could also be reused

with small loss in adsorption capacity.
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