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ABSTRACT

This paper discusses the removal of ammonium ions (NH4)" from raw
water using a hydrogel as an adsorbent. The raw water has been obtained
from Fesha water treatment plant which is a traditional treatment plant
located in Behera. For this purpose, kappa carrageenan/acrylic acid hydrogel
(KC/AAc) were prepared via free radical polymerization using gamma
irradiation. The effect of irradiation dose and (AAc) concentration on gel
content was studied. The formed hydrogel was characterized by FTIR and
SEM. The swelling behavior was determined as a function of irradiation dose,
and AAc content. The developed hydrogel was used for the removal of
(NH,4)" ions. The effects of various operating parameters such as initial pH,
contact time, and adsorbent dose on the removal of (NH,)" ions have been
investigated. It was found that the optimum pH value is 5 and the perfect
adsorbent dose is 15 gm/L. A fast adsorption rate was observed the
equilibrium was reached within 50 min and the maximum removal percent
was (52.7%).

Keyword: kappa carrageenan; ammonium ion removal; hydrogel;Irradiation;
adsorption

INTRODUCTION
Raw Water in Nile branch Rosetta is contaminated by different domestic
and industrial water. It contains various inorganic, organic and biological

contaminants that are of high environmental impact and significance. These
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contaminants can create health hazards if discharged into streams or oceans
without proper care and treatment. They represent a load on the drinking-
water treatment plant, especially in winter blockage period (WBP). Every day
there are 3.5 million m* of waste and industrial water are discharge in The
Nile branch Rosetta which is mixed with 20 million m® of raw water but in
the winter blockage period (WBP) about 3.5 million m® of waste and
industrial water are discharge in the Nile branch Rosetta which is mixed with
5 million m® only of raw water.

Disinfectant by-products (DBPSs) are probable carcinogens and short-term
exposure can lead to dizziness, headaches, as well as problems associated
with the central nervous system. Recent studies have also linked DBPs to
increased incidence of miscarriage, rectal and bladder cancer, and neural tube
birth defects. Ammonia in surface water supplies often is a result of runoff in
agricultural areas where fertilizer applied to the ground. Another way that
high level of ammonia in water appears is from aquifers in animal feed lots.
Ammonia is oxidized to nitrate by bacterial action. In drinking water the
maximum ammonia concentration of 0.5mg/L is recommended by the World
Health Organization (WHO) to avoid changes of taste and odor of water. The
presence of (NH,)" ions in water lead to dissolved oxygen depletion, fish
toxicity in receiving water leading thus to a number of health problems
involving living species such as humans and animals (De-Bashan et al,
2004). In order to remove (NH,)*, several technologies have been tested,
namely biological treatment (Welander et al, 1998), Chemical precipitation

(Uludag-Demirer et al, 2005), Supercritical water oxidation( such as

44 Vol.33, No.1, June, 2016



Meligi, et al

chlorination ) (Segond et al,2002), ion exchange and adsorption (Vassileva et
al, 2009). Among these methods, adsorption technology has received much
attention and is considered to be a robust and effective technique used in
water and wastewater treatments due to its low cost of application, low
energy input and easy operation.

Carrageenan is a natural carbohydrate (polysaccharide) obtained from
edible red seaweeds. Carrageenan (KC) is widely used in the food industry,
for their gelling, thickening, and stabilizing properties. It is used in
experimental medicine, pharmaceutical formulations, cosmetics, and
industrial applications.

There are three main varieties of carrageenan, which differ in their
degree of sulfation. Kappa-carrageenan has one sulfate per disaccharide. lota-
carrageenan has two sulfates per disaccharide. Lambda carrageenan has three
sulfates per di-saccharide. Herein, we have demonstrated a simple,
economical and environmentally method for removal ammonium ions (NHz)"
from drinking water planet. Water purification by hydrogel based on (acrylic
acid) grafted onto kappa carrageenan. The influences of uptake capacity of
hydrogel according to the different contact times and initial concentrations

were investigated.

AIM OF THE WORK
The aim of study will be focused on the following targets:
1- Radiation grafting of some synthetic monomers such as acrylic acid on
some natural polymers such as carrageenan.
2- The prepared grafted copolymer will be characterized by investing their

characteristic properties, such as structural characteristics FTIR and SEM.
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3- The ability of prepared polymeric material to remove ammonium ions
(NH,") from drinking water planet.
4- The factors may affect wastewater treatment will be optimized such as

pH, dosage of adsorbent and contact time.

MATERIALS AND METHODS
Materials:
e Raw water used was collected from Fesha water treatment plant (FWTP).
This located on Nile branch Rosetta.
¢ All chemicals and reagents used were of analytical grade and of analytical-
reagent purity and Nano-pure water was used throughout the whole work.
Methods:

Raw water was obtained from (FWTP) In 20 liter bottle made of
polyethylene, the bottle was washed once with the sample. Then the bottles
were filled with the sample and closed.

The examined sample from the selected locations was transferred to the
laboratory of (FWTP) and portion of sample was transferred to reference
laboratory for wastewater in Abu Rawash treatment plant (ARTP). The
characteristics of the raw water were variable. The jar test has been applied to
evaluate the Jar testing experiments were carried out using samples which
taken from the influent from (FWTP) .That includes screening, coagulation,

flocculation, sedimentation, filtration and disinfection.
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Preparation of KC/AAc hydrogels:

Carrageenan powder (1 g) was dissolved in (100 ml) distilled water
contained 19.08 ml( AAc), which placed on water bath at 60 C° for 3 hours to
form homogeneous mixture. The viscous solution was transferred into the
glass tube to be irradiated by (Co 60) gamma source at room temperature and
different radiation dose (10, 15, 20, 25 and 30kGy). After copolymerization,
the vials broken, the formed polymeric cylinders were removed and cut into
small discs. All samples were washed in excess hot water to remove the

unreacted compounds, then air dried at room temperature.
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Schematic preparation of (CK/AAC) hydrogel.

Gel content measurements: The irradiated hydrogel samples were air-dried
to a constant weight. The dried samples were soaked in distilled water for
24hr at 60C° at water bath to determine the insoluble parts of the hydrogel.

Then, they were taken out and washed with hot water to remove the soluble
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part, dried to a constant weight. The gel content was calculated

gravimetrically using the following formula:

Gel content (%) = %E X 100

Where Wy and W, are the dried sample weights after and before extraction,
respectively.

Swelling measurements: The swelling degree was determined on the basis
of equilibrium solvent-swelling measurements. The samples were submerged
in the solvent (distilled water or puffer solution) and till the swelling
equilibrium, the gels were removed and the excess water on the surface was
removed by blotting quickly with filter paper and weighed. The swelling
percent was calculated as follows:

Swellingpercent = Ws —Wd x100
wd

Where Ws and Wy are the weights of the swollen and the dried hydrogel,

respectively.

RESULT AND DISCUSSION
Synthesis of hydrogels using gamma radiation: This study the hydrogels
based on Kappa-carrageenan (KC) copolymerization with (AAc) with gamma
irradiation to form (KC/AAc) hydrgel. Gamma radiation there is no need to
add chemical initiators or crosslinking agents, which are mostly toxic
materials (Rosiak and Ulansk 1999).Gamma irradiation on polysaccharides
leads to the random formation of free radicals on polymer chains. These free
radicals are responsible for such reactions as grafting and intermolecular

crosslinking (Wach et al, 2003). Gel content measurement is an effective
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method for evaluating the degree of crosslinking of the polymeric hydrogel.
Gel content is defined as the amount of insoluble polymer in any solvent. The
gel content is affected by several factors such as radiation dose and monomer
concentration.

Effect of gamma irradiation time and (AAc) dose on the gel percent: The
effect of gamma irradiation dose on the gel percent of (KC/AAc) hydrogel at
various (AAcC) concentrations was investigated and shown in Figure (1). As
shown in Figure (1) the gel percent of the (KC/AAc) hydrogel increased with
increasing the irradiation dose up to 25 kGy and a decrease was observed
above this value (Demitri et al, 2008). The maximum gel percent was

observed at radiation dose 25 kGy.
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Figure (1): Effect of gamma radiation dose on the gel percent of (KC/AAc)
hydrogel at various (AAc) concentrations and (1% KC)

concentration.
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The initial monomer concentration used in the gel preparation highly
impressed the network structure and the gel properties. The properties of
hydrogels are governed by the monomer content in the reaction mixtures. The
effect of (AAc) content on the gel percent of (KC/AAc) hydrogel was shown
in Figure (1). The gelation percent of (KC/AAc) hydrogel varies from (86.8%
to 91.0 %) for the increase in the concentration of (AAc) in the feed solution
from (10% to 20%) of the total monomer/polymer concentration at irradiation
dose 25 kGy. When aqueous solution of (KC/AAc) was exposed to gamma
rays, free radicals are generated which lead to formation of crosslinking
copolymerization of the monomer-polymer mixture. As the monomer
concentration is increased, effective density of crosslinks also increased
resulting in a significant improvement in the degree of gelation. Meanwhile,
the increase in the gelation degree as a result of the increase in the reactants
concentration could be referred to increase the viscosity of reaction medium
as well as the increase in the number of the reactive vinyl groups (Qudah et
al, 2013) The gelation percent of (KC/AAc) hydrogel varies from 86.8 to 91.0
% for the increase in the concentration of (AAc) in the feed solution from
(10% to 20%) of the total monomer/polymer concentration at irradiation dose
(25 kGy). (PAAc) is well known as a crosslinked polymer by radiation.
Consequently, as the polyacrylic acid increases in the graft-copolymer, the
gel content increases. This may be explained on the formation of a complex by
the temporary physical cross-linking hydrogen bonding between the (KC) and
(AACc) pendant groups.
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Effect of (KC) content on the gel percent of (KC/AAc) hydrogel: The
effect of KC content on the gel percent of (KC/AAc) hydrogel using (10%
AAc) and different concentration of (KC) was investigated and shown in
Figure (2).1t can be seen that as the radiation dose increased the gel percent of
the hydrogel decreased. Since (KC) is a radiation degradable polymer, (KC)
molecule degrades to low molecular weight that causes the reduction of the
gel percent of (KC/AAcC) hydrogel. It can be also observed that at the same
irradiation dose as the (KC) content is increased the gel percent of the
hydrogel is decreased. This means that the gel percent is inversely
proportional to the (KC) content in the hydrogel. This observation may be
based on the viscosity of polymer, as the (KC) concentration increased the
viscosity also increased as well as a small number of monomer radicals can
diffuse onto the (KC) backbone and the crosslink intensity decreased resulted

in a decrease in the gel percent.
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Swelling behavior: The swelling property of hydrogel is an important factor
concerned with its adsorption. When a hydrogel is brought into contact with
water the water diffuses into the network, resulting in the expansion of the
hydrogel. The swelling is a result of a balance between two forces the first is
osmotic force and the second is dispersing force. Osmotic force pushes water
into the polymer network whereas dispersing force exerted by the polymer
chains resist it. The equilibrium of swelling occurs when the values of the
osmotic force and of the dispersing become equal. The percentage of swelling
of the hydrogel is mainly governed by the polarity of the formulations which
is dependent on the nature of the polymers and the reaction conditions such as
swelling time.

Effect of gamma radiation on the swelling percent: Radiation dose is one
of the important parameters that affect the swelling behaviors of hydrogels.
Figure (3) show the effect of radiation dose on the swelling percent of
(KC/AAC) hydrogel at radiation doses ranged from (10 to 30 kGy). As shown
in the Figure (3) as the radiation dose is increased the swelling percent
decreased and the highest swelling percent was obtained at (10 kGy) for all
investigated samples. This result matched with the result that obtained in
other studied (Putra et al, 2009). The decrease in the swelling ability with
increasing irradiation dose attributed to the higher degree of crosslinking
under the high irradiation dose. The increase in the crosslink density enhances
the dispersing force, excessive crosslink restricts the mobility of the polymer

chains and a decrease in the swelling percent was observed.
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Figure (3): Effect of gamma radiation dose on the swelling percent of
(KC/AAC) hydrogel at various (AAc) concentrations and a
swelling time 24 h.
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Effect of (AAc) content on the swelling percent of (KC/AAc) hydrogel:
the effect of (AAc) content on the swelling percent of (KC/AAc) hydrogel
was studied and shown in Figure (4). As seen in Figure as the monomer
content was increased the swelling percent of (KC/AAc) hydrogel decreased.
This result due to increase the cross-link density with increasing the (AAc)
concentration of the feed solution thus a decrease in the pore size which has

decreased the amounts of water uptake by the hydrogels
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Figure (4): Effect of monomer content on the swelling percent of (KC/AAC)
hydrogel at contact time 24 h at radiation dose 25kGy.
Characterization and some selected properties of the prepared

hydrogels:
Fourier Transfer Infrared Spectra (FTIR): The functional groups of the

synthesized hydrogels were characterized by FTIR. Figure (5) shows the
FTIR spectra of (KC, KC/AAc) hydrogel, where the percent of transmittance

was plotted as a function of the wavenumber (cm™).
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For x -carrageenan [Figure (5 A)], it can be observed that a broad band at
(3415 cm™?) indicating the stretching vibration of (~OH) group. The band
found at (1646 cm ™) related to the polymer bound water and the asymmetric
stretching band of (0=S=0) appeared at (1377 cm *-1160 cm ™). The band
appeared at (1070 cm™) corresponding to the glycosidic bond in carrageenan
and the band observed at (928 cm™) presented of the ether group in the
anhydro-galactose. The bands at (847 cm™ and 736 cm ™) due to galactose-4-
sulfate that are the characteristic peaks of k -carrageenan (Wan et al, 2014).

For (KC/AACc) hydrogel, Figure (5 B), the additional bands of (AACc)
appeared but some bands overleaped with the bands of (KC). It was observed
that the band of the (OH) shifted from (3415 cm ™) to (2908 cm™) due to the
formation of hydrogen bonds. This suggests that the polymeric network is
arranged in such a way that the possibility of hydrogen bonding is
diminished.

The band at (1740 cm™) is attributed to the stretching vibration of (—
C=0) of (AAc) group. The broad and intense bands centered at (1240 cm™)
and (1419 cm™) are attributed to (C—O) stretching and (C—O-H) bending
vibrations. The presence of these bands confirmed the formation of
(KC/AAC) cross-linked hydrogel.
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Figure (5): FTIR spectra of KC (A), KC/AAc (B) hydrogels.

Scanning Electron Microscope (SEM): (SEM) has been a primary tool for

characterizing the surface morphology and fundamental physical properties of
an adsorbent surface. It can be used to determine the particle shape, porosity
and appropriate size distribution of an adsorbent. Figure (6) shows the surface
morphology of (KC) and (AAc/KC) hydrogel. As shown in Figure (6 A) the
(KC) as a Blank demonstrates a coarse surface with many small pores.

Figure (6 B) shows the surface morphological structure of (AAc/KC)
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hydrogel which appears as coarse surface with spots and some porous
structure. The reason is that there are numerous carboxylate anions in the
hydrogels surfaces and inner structures. The electrostatic repulsions among
the carboxylate anions can result in the expansion of the hydrogels network

and increasing the pores size.

Figure (6): SEM of carrageenan (A), KC/AAC (B) hydrogel

CONCOLUSION
In this investigation, (KC/AAc) hydrogels were prepared by gamma
irradiation and used for removal of ammonium ions from raw water. The
most important conclusions of this investigation are the following:
¢ The gel content increased with increasing the (AAc) content in the hydrogel
and the maximum gel percent was obtained at radiation dose of 25 kGy.
e The swelling percent decreased as the radiation dose and (AAc)

concentration was increased.
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