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Abstract: In the present work, the hydroxyapatite/alginate nano-composite adsorbent was prepared by incorporating nano-
sized hydroxyapatite (nHAp) into alginate polymer and uses this adsorbent for removal of nitrate from groundwater. The
synthesized nano-composite and pure alginate as well as the pure hydroxyapatite were characterized with Fourier Transform
Infrared (FT-IR) spectroscopy to ascertain the functional groups. The adsorption characteristics of nitrate from groundwater on
the HAp/Alg nano-composite were optimized under different operational parameters like contact time, pH, adsorbent dosage,
initial concentration of nitrate and temperature in batch system. Maximum equilibrium capacity reached 99% of nitrate
removal by using the HAp/Alg nano-composite after 240min at pH 3; adsorbent dosage, 2g; initial concentration, 100mg/1 and
temperature, 20°C. The kinetics studies revealed that the pseudo-second-order kinetic model was able to describe the dynamic
behavior of the adsorption process by composite adsorbents used in this work. Also, the Langmuir isotherm model is very well
fitted to the equilibrium data. The mechanism of NO; ions adsorption by the nano-composite adsorbent was described. So, it is
concluded that HAp/Alg nano-composite is a relatively efficient and low cost as well as the results validated the feasibility of
HAp/Alg nano-composite for highly effective removal of nitrate from an aqueous solution.
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resource. As the population continues to increase, it is
necessary to find additional sources of water such as
groundwater. Groundwater is deemed one of the major
resources for potable water in Assiut governorate especially
in rural areas (ALDAR, 2011). In this study, selected samples
of groundwater were collected and chemically analyzed.

1. Introduction

Assiut governorate, one of the oldest governorates of
Upper Egypt, It extends south-north between Sohag and El-
Minya governorates from latitude 26° 47 N to 27° 37 N and
extends west-east between New Valley and Red Sea

governorates from longitudes 30° 37 E to 31° 34 E (Figure
1). The total Assiut governorate area is 25,926km?,
equivalent to about 2.6% of the total area of Egypt. The
extension of the River Nile along study area is about 120km
while the width of the study area ranges between 10 and
20km (ALDAR, 2011). Estimated population of the Assiut
governorate is about 4,245,215 million (Census estimation,
2015), representing 4.8% of Egypt's total population.
Groundwater quality assessment is considered as a
significant topic to make sure possible safe use of this

Analysis of these samples (Table 1) revealed that they have
nitrate concentrations more than the maximum permissible
limit recommended (50mg/l) by WHO, 2011. This is due its
high solubility in water and this is manifested by
Hekmatzadeh et al., 2012, who state that due to its high
solubility, nitrate is the most likely cause of the
contamination in groundwater across the globe, and a
potential threat to water resource, as well as increasing
eutrophication.

Nitrate contamination in drinking water sources has been a
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major problem in many countries. The long term health
hazards and increasing levels of nitrate in drinking water
through natural and anthropogenic sources are challenging
and warrant the need for advanced technologies for abating
these contaminants (Suriyaraj and Selvakumar, 2016). The
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agricultural activities are the main sources of nitrate in
groundwater (Ryker and Jones, 1995), as nitrogen fertilizers
are frequently used in large quantities, especially for some
crops such as corn and potatoes.

Table 1. Minor and trace constituent's concentrations as mg/l in the selected groundwater samples of the study area.

Sample No. Fe Pb Ni Cu Cd Al Zn NOs
1 0.024 0.032 0.002 0.007 0.0006 0.02 0.006 57.75
2 0.028 0.007 0.002 0.007 0.0006 0.063 0.004 65.13
3 1.067 0.012 0.002 0.01 0.0006 0.166 0.008 74.18

1994), cytogenetic defects (Prakasa Rao and Puttanna, 2000)

30%00'N 31°00'0'N 312000'N 31%000'N and birth defects (Dorsche et al., 1984 and Kar et al., 2002).
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Figure 1. Location map of the study area.

Other sources of nitrogen, such as livestock operations,
food processing wastes, and septic tank discharge have no
substantial influence at the regional scale (Ryker and Jones,
1995). Also, from sources of nitrate and nitrite contamination
are natural and industrial in origin. Industrial sources include
chemical manufacturing operations and nitrate-containing
cutting oils. Natural sources include atmospheric
precipitation (as NH;3) and local mineral deposits such as
potassium nitrate (saltpeter), all percolate through the soil
into groundwater aquifers and ultimately into water supplies.

Nitrate concentration increases in water would cause
negative effects on human health: Blue baby Syndrome (Met
Hemoglobin) especially in infants and the carcinogenic
potential for nitrosamine (Sudipta et al., 2009). Also, recent
studies indicated that increase in the amount of nitrate in
drinking water would likely cause a variety of cancers in
humans (Mishra and Patel, 2009). As well as large amount of
nitrate in drinking water often causes a disease called
methemoglobinemia and other health disorders such as
hypertension (Malberg et al., 1978), increased infant
mortality (Super et al., 1981), goiter (Sefner, 1995), stomach
cancer (Cantor, 1997), thyroid disorder (Van Maanen et al.,

and absorption, so, it is difficult to remove by conventional
water treatment technologies.

There are physical, chemical, and biological methods
used to remove nitrate from drinking water, the chemical
denitrification process using zero capacity iron, zero
capacity magnesium, ion exchange, reverse osmosis, electro
dialysis (Jae-HeeAhn et al.,, 2008). Although these
techniques are effective in removing nitrate from
contaminated water, they are very expensive for pilot scale
operation with a limited potential application (Kapoor and
Viraraghavan, 1997 & Kesseru et al., 2002). Among other
technologies used for water treatment, the adsorption
process is in general low-cost, simply designed, as it is
identified as an easy applicable technique (Sachin et al.,
2011). Thus many researchers have focused their research
work on the preparation of new efficient and cost effective
adsorbents from natural or biological materials or industrial
wastes. One of the promising materials, which can fulfill
the desired, is natural or biogenic hydroxyapatite which is
prepared from animal bones wastes (Ravikrishna et al.,
2006). Many adsorbents have been used for the removal of
nitrate ions, including carboxyl groups are functioning sites
for binding nitrate ions, due to their large surface area,
uniform pore size distribution, long-rang homogeneity of
texture and modifiable  surface  chemistry via
functionalization (Selvam et al., 2001 and Ganjali et al.,
2005), they have found good use as efficient adsorbents.
Alginic acid usually accumulates in seaweeds as "jelly
bodies" after combining with minerals from seawater.
Alginic acid is insoluble in water. The carboxyl groups
within the Alginic acid forms are easily ion-exchanged, this
result changes in alginate properties and functionality.
Sodium alginate is a natural polysaccharide product
extracted from brown seaweed that grows in cold water
regions and alga. It is soluble in cold and hot water with
strong agitation and can thicken and bind. It belongs to a
family of linear block polyanionic copolymers composed of
(1-4)-linked -D-mannuronic acid (M units) and (1-4)-linked
-L-guluronic acid (G units) residues (Sutherland, 1991) as
shown in Figure 2.
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Figure 2. Chemical structure of sodium alginate.

Alginate forms stable hydrogels in the presence of certain
divalent cations without the need of heat (e.g., Ca®", Sr*" and
Ba’") at low concentrations through the ionic interaction
between the cation and the carboxyl functional group of G
units located on the polymer chain (Wang et al., 1993 and
Honghe, 1997). According to the model presented by Grant et
al., 1973, the divalent cations bridge the negatively charged G
units on the alginate polymer chain and form an egg-box
structure. Alginate is highly hydrophilic, biocompatible, and
relatively economical (Sheridan et al., 2000). Moreover,
biocomposites made from both organic and inorganic
components, have been introduced as immobilizing agents due
to their improved mechanical, thermal, optical or chemical
properties as well as their biocompatibility and
biodegradability. Among these, alginate is a biopolymer with
special properties such as nontoxicity, biocompatibility and
biodegradability, which make it appropriate to be employed as
an adsorbent (Nayak and Lahiri, 2006 & Arica et al., 2003).

With the aim of preparing biomimetic composite, the
direct nucleation of hydroxyapatite (HAp) on alginate
copolymers was attempted, which is an excellent example of
self-assembling process. The driving forces behind
assembling of such building blocks are essentially hydrogen-
bonding, Van der Waals, electrostatic forces and electron-
transfer interactions (Ruiz-Hitzky, 2003). In this work,
briefly investigate the capability of the HAp-alginate
composite bead form adsorbents for removal of nitrate from
groundwater. The effect of the composition of nHAp-—
alginate composite adsorbents on nitrate removal capacity of
the adsorbents was investigated. Also, governing kinetics and
isotherm models were investigated.

2. Materials and Synthesis Method
2.1. Materials

All the chemicals used in this research were obtained as
analytical grade and used without any further purification.
The aqueous solutions were prepared using de-ionized water.
Sodium alginate (with a low viscosity of 2wt% solution at
25°C) was purchased from Sigma-Aldrich Inc., USA, and
used as received. Ca(OH), and 85wt% H3;PO, were used for

preparation of the hydroxyapatite. CaCl, which was used as
the crosslinker for sodium alginate, were supplied from
Merck Chemicals Company.

2.2. Synthesis of nHAp/Alg Nano-Composite

A hydroxyapatite/alginate (nHAp70/Alg30) of weight ratio
nano-composite adsorbent was prepared by incorporating
natural nano-sized hydroxyapatite (nHAp) into alginate
polymer through in situ hybridization technique (Wang et al.,
2009). This (nHAp70/Alg30) nano-composite was chosen to
prepare according to (Wang et al., 2009) who stated that, it
implies that the addition of alginate in excessive amount over
30wt% significantly intensifies the particle agglomeration. It
is not easy to achieve uniform dispersion of HA particles into
the polymer matrix due to the adhesive nature of alginate.
Therefore, it is suggested that the alginate content in the
composites should not be higher than 30wt%. The molar ratio
of Ca/P in the starting mixture was set as 1.67, equal to that
of stoichiometric nHAp. An alginate gel solution (3% w/v)
was prepared by dissolving alginate powder into distilled
water. The alginate solution was added drop wise into a
suspension of Ca(OH), (70g, 7.37wt%) under vigorous
agitation. A solution of H;PO, was obtained by mixing
H;PO, (4.82g, 85wt%) with 50ml distilled water, and then
was added in drops into the Alg/Ca(OH), suspension, due to
nano-size of the nHAp powder (Ca(OH), + H3PO,), the
particles extremely tended to agglomerate, especially when
dispersed in water; therefore, dispersion process was
facilitated by employing mechanical stirring and sonication
(Fahimeh Googerdchianet et al., 2012). The reaction
temperature was kept at 25°C and the mixture was stirred
continuously at 700rpm for 6h. Then, a solution of CaCl,
(10ml, 0.1mol/l) was slowly added, supplying Ca*" to
crosslink alginate. After half an hour of crosslinkage, the gel-
like mixture was centrifuged and water-washed alternately
for three cycles to harvest the precipitates, i.e., the washing is
for removing the excess Ca*" and other impurities on the
surface of the beds (Zhang et al., 2010). The precipitates
were vacuum-dried at 50°C for 48h and subsequently ground
into fine powders using an agate mortar. Meanwhile, pure
nHAp without alginate involved was prepared as a control
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sample according to the following reaction;
IOCa(OH)z + 6H3PO4 — Calo(PO4)6(OH)2 + 18H20

Noteworthy to mention that, the suggested mechanism for
the reaction that occurred between sodium alginate and
hydroxyapatite with addition of calcium chloride can be
expressed as in Figure (3).

2.3. Measurements

Pure sodium alginate (SA) and pure nano-sized
hydroxyapatite (nHAp) as well as hydroxyapatite/alginate
bio-composite nanoparticles (nHAp/ALg) were subjected to
Fourier Transform Infrared analysis (FT-IR, Perkin Elmer,
model No. L1600300, UK) with a spectrometer. Infrared

spectroscopy IR was carried out after dispersion of the
sample in anhydrous KBr pellets. At first the powdered
sample was carefully mixed with KBr (infrared grade) by
mixing a ratio 1:9 and compressed to form a disk and
palletized under vacuum. The IR spectra of the samples were
recorded in transmittance mode over a wave No. of 400 to
4000cm-1 at ambient temperature (25°C). The pellet was
prepared by taking the mixture in a KBr Die and a pressure
of 5 Ton was applied using a pellet holder. The instrument
was switched on and background scan was obtained without
placing the pellet. Then the pellet was placed and 16 scan
was obtained. Then date plotted using standard software
provided with the instrument on the length of the bond

Sodium alginate

1- add. calcium hydroxide
2- add. phosphoric acid

14 OCaOHPO,

YodHoeo0 H

Figure 3. The suggested reaction mechanism for synthesis of hydroxyapatite/alginate nano-composite.

3. Results and Discussion

3.1. Characterization of Nano-Powders and
Nano-Composites

Infrared spectroscopy is a useful tool to identify the
presence of certain functional groups in a molecule because
each specific chemical bond often has unique energy
absorption band. Chemical bonds have specific frequencies
when they vibrate. These resonant frequencies are dependent

the mass of the atoms at either end of it. Thus, the frequency
of the vibrations can be associated with a particular bond
type.

The Fourier Transforms Infrared (FT-IR) spectra of the
pure sodium alginate and pure hydroxyapatite as well as
hydroxyapatite/alginate nano-composite were recorded in
Figures 4, 5 and 6.

Spectrum of sodium alginate (Figure 4) shows a broad
peak at 3430cm™’ representing the stretching vibrations of O-
H bonds of alginate. Stretching vibrations of aliphatic C-H
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were observed at 2950-2850cm™. The peaks at 1690 and
1480cm™ have been assigned to the asymmetric and
symmetric stretching vibrations of carboxyl groups,
respectively. These bands are very significant and can be
used for characterization of alginate structure from its
derivatives and ingredients. The bands at 1150 and 950cm™
were attributed to stretching vibrations of the C-O bond of
the ring. The observed beak at 850cm™ is represented to the
bending mode of O-H group.

In spectra of pure hydroxyapatite (Figure 5), the observed
band at 3449cm™ is attributed to the stretching vibration of
the hydrogen bond O-H ions. The peaks at 1636 and 1399cm”
! representing to the carbonate ions, indicating the presence
of carbonate apatite. This might originate from adsorption of
carbon dioxide from the atmosphere (Komath and Varma,
2003). The following peaks will be observed, where all
pertaining to the phosphate group; the asymmetric stretching
mode at 1020cm™, the symmetric stretching mode at 980cm™
1, while there are three bands were identified at 873, 650 and
567cm™ and representing the bending mode of phosphorous-
oxygen bonded of PO, ions.

Transmission (%)
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| | | I ]
4000 3500 3000 2500 2000 1500 1000 500
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Figure 4. FT-IR spectra of pure alginate.
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Figure 5. FT-IR spectra of pure hydroxyapatite.

In spectra of hydroxyapatite/alginate nano-composite
(Figure 6), the observed band at 3450cm™ is attributed to the
stretching vibrations of the O-H bonds. Noteworthy to
mention that, adsorption of stretching vibrations of O-H
bonds in alginate/hydroxyapatite nano-composite appeared
narrower than sodium alginate. This difference may be arise
from the participation of hydroxyl and carboxylate groups of

alginate to the calcium ion in order to form chelating
structure and consequent decrease in hydrogen bonding
between hydroxyl functional groups which affords narrower
band in alginate/hydroxyapatite nano-composite. On the
other hand, a notable peak shift from 1636 to 1600cm " in the
Fourier Transform Infrared spectra of the nano-composite
was observed towards the lower wave number side when
compared with pure hydroxyapatite. It reveals a strong
interaction between the positively charged of calcium (Ca*
and the negatively charged of carboxyl group (COOY) in
sodium alginate (Kikuchi et al., 2001 and Teng et al., 2006).
The band at 1650cm™ corresponding to the stretching
vibration of C = O groups of carboxylic appear to be shifted.
This is probably due to the interaction with the calcium
atoms of the HAp with the oxygen sites of alginate. The band
at 1050cm™ is corresponding to phosphate stretching PO,
The band at 880cm™" is corresponding to the bending mode of
O-H group. The bands at 600 and 570cm” were
corresponded to phosphate-bending vibrations. The presence
of the peaks regarding to the hydroxyl and phosphate groups
that corresponded to the alginate and hydroxyapatite, is a
good  indication for the  formation of  the
alginate/hydroxyapatite nano-composite.
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Figure 6. FT-IR spectra of hydroxyapatite / alginate nano-composite.
3.2. Adsorption Study

The sorption performance of the nitrate ion on the
HAp/Alg nano-composite was investigated by the batch
method. All the experiments were carried out at ambient
temperature 20°C and all the samples were maintained at the
same temperature to avoid interference due to the difference
in temperature. All adsorption experiments were carried out
in 250ml glass conical flasks provided with stopper (stoppers
were provided to avoid the change of concentration due to
evaporation) and vibrated at a constant speed of 240rpm in a
shaker and each adsorbent was separated by centrifuge at
speed of 3000rpm and the nitrate concentration of each
filtrate solution was immediately measured using UV/vis
spectrophotometer (Perkin Elmer — Lambda 35) at 430nm
wavelength. The effect of contact time (5, 50, 100, 150, 200,
250 and 300min), pH (2-8), adsorbent dosage (1-6g/1), initial
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nitrate concentration (100, 150, 200, 250 and 300mg/l) and
temperature (20, 40 and 60°C) on the nitrate adsorption was
studied. Each experiment was repeated three times and the
given results were the average values.

The difference between the initial and final concentrations
of nitrate in aqueous phase was calculated, the amount of
adsorbed nitrate at equilibrium (q., mg/g) was calculated by
the following equation;

(C;- CpVv
Qe = ‘T x 1000
Where;
de: quantity of nitrate adsorbed per gram of adsorbent
(mg/g).

C;: the initial nitrate concentration (mg/1).

C.: the nitrate concentration at time t (mg/1).

V: the volume (L) of aqueous solution containing nitrate.
m: the mass of HAp/Alg nano-composite adsorbent (g).

3.2.1. Effect of Contact Time

The equilibrium time required for the adsorption of nitrate
using HAp/Alg nano-composite was studied at different time
intervals (5, 50, 100, 150, 200, 250 and 300min). About 2g of
the adsorbent was mixed with 50ml of the stock nitrate
solution have an initial nitrate concentration of 100mg/l. The
contents were shaken thoroughly using a mechanical shaker
at 240rpm and after the contact time, the contents were
filtered and analyzed for nitrate. The result as shown in
Figure (7) shows that the adsorption capacity (q.) of the
sorbent increases with increasing contact time and attains
maximum removal at 240min incubation period, i.e., the
nutrients adsorption increased rapidly during the first 30min
and remained up to 240min. Such rapid bio-sorption process
has been correlated with the characteristics of the biomass,
and its other parameters interact with the aqueous solutions
(Ingleton and Simmons, 1996). In other words, the change in
the rate of removal might be due to the fact that initially all
adsorbent sites contained replaceable hydroxide and
carboxylic ions and the solute concentration gradient was
also high. Later, the nitrate uptake rate by adsorbent was
decreased significantly, due to the decrease in number of
replaceable hydroxide and carboxylic ions in adsorption sites
as well as decrease in nitrate concentration. Decreased
removal rate, particularly, towards the end of experiments,
indicates the possible monolayer formation of nitrate ion on
the outer surface (Mahamudur Islam et al., 2010). Also, the
results showed that the 240min duration was found suitable
for maximum adsorption of nitrate from the groundwater
using HAp/Alg nano-composite. Noteworthy to mentioning
that, from Figure (7), it is noticed that the high adsorption
capacity (q.) for HAp/Alg nano-composite was found
22.53mg/g at 240min contact time.

3.2.2. Effect of pH

The effect of the solution pH on the adsorption behavior
was determined at a constant temperature of 20°C for 4h. In
batch experiment, 2g of the adsorbent was equilibrated with

50ml of the solution containing 100mg/l of nitrate
concentration at various pH values (pH range of 2-8).

As the pH increases, the removal of nitrate increases. Figure
(8) shows the change in the adsorptions capacity due to the
change of pH. It is noticed that the removal of nitrate was
greater by HAp/Alg nano-composite adsorbent at pH 3 and the
maximum sorption capacity was achieved 22.48mg/g.

Figure 7. Effect of contact time on nitrate adsorption by HAp/Alg nano-
composites at given conditions: pH, 3; dosage, 2g and Ci, 100mg/I at 20°C.

It is well known that pH of the medium, is one of the most
important factors that influence the adsorption process. This
is due to the competitive effect of the H and also due to the
fact that the pH affects the ionization of the functional groups
on the surface of the sorbent material (Wahab et al., 2010).
Seven different pH tests were carried out and the results are
shown in Figure (8). The initial pH values of each solution
were adjusted using 0.1M of NaOH and HCI. The sorption
capacity of nitrate increases by HAp/Alg nano-composite
with increasing the pH from 2 to 8. It is evident from the
results that are shown in Figure (8). There are increases in
sorption capacity with increasing pH from 2 to 3 but for
further increase in pH beyond 3, there wasn’t nearly any
increase in the removal. It may due to the fact that HAp/Alg
nano-composite is not stable under acidic condition and
hence exhibited poor removal efficiency and the removal
stood almost constant for pH 3-8. According to the results,
the pH does not affect the nitrate removed for pH above 3.
However the pH below 3 has a significant effect. Therefore
care must be taken with acidic solutions.

Experiments performed with lower pH indicated that as pH
drops due to HCI interaction added to the solution beside
nitrate ions have negative charge, so decreases adsorption
level was found. Decreasing pH less than 3 revealed that
adsorption level rises due to electrostatic interactions
between positive surface charge and anions, as it will decline
for higher pH. However, the difference of adsorption level
was low when the pH varied between 2-8 solutions, and
given the nitrate concentration level of primary sample and
the level of essential removal in order to reach a standard
level. It is important to reach a desired result with the same
natural pH of water by consuming little energy.

In other words, the removal of nitrate increases quickly at
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pH 2-3 and then remains constant at pH 3-8. This behavior
can be attributed to the synergic effect of functional groups in
HAp/Alg nano-composite. Under these conditions, uptake
conditions for nitrate are improved with protonation of —
COOH, —-OH and PO, groups in HAp/Alg nano-composite
at pH 2-3. On the other hand, the -COOH, —OH and -PO*
groups in HAp/Alg nano-composite have proton exchange
ability with nitrate ions at higher pHs (above 3), which can
be represented as the following reactions;
1) At pH 2-3;
HOOC—HAp/Alg—OH + H* = *H,O0C—HAp/Alg—OH,"

| \
PO43 " POA,H./;Jr

2) At pH 3-8;
HOOC—HAp/Alg—OH - H 5 "00C—HAp/Alg—O"

Where, both the protonated carboxyl, hydroxyl and
phosphate groups on HAp/Alg nano-composite can function as
the binding sites for capturing NO;™ ions at pH 2-3. On the
other hand, NO;™ ions were retained mainly by electrostatic
interaction with the deprotonated carboxyl and hydroxyl
groups at pH 3-8. This is manifested by Elmoubarki et al.,
2015 who stated that the variation of adsorption with pH can
be explained by the electrostatic interaction between the
adsorbent and adsorbate. With increase of pH values, the
surfaces gradually decrease in the extent of positive charging
and become negative at pH more than 3. Thus, the high
adsorption capacity at low pH is mainly due to the strong
electrostatic interaction between the positively charged sites of
adsorbent (presence of H') and the anions. However, lower
sorption of the nitrates ions at alkaline pH could be attributed
to the abundance of OH ions which will compete with the
pollutant for the same sorption sites (Elmoubarki et al., 2015).

Noteworthy to mention that, Yuh-Shan Ho. (2005) stated that
the high velocity of adsorption level at pH 2-3 is due to the
capacities available for adsorption of both adsorbents in early
minutes. Filling these capacities, the rate of adsorption is reduced.

3.2.3. Effect of HAp/Alg Nano-Composite Dosage

Studying the effect of adsorbent mass (dosage) on nitrate
adsorption onto HAp/Alg nano-composite, experiments were
performed with varying amounts of adsorbent, ranging from
1 to 6g. The effect of variation of adsorbent dose on the
adsorption capacity (q.) of nitrate from groundwater with
HAp/Alg nano-composite is graphically shown in Figure (9).
It is evident from the figure that the removal of nitrate
increases from 1-2g and remains constant after the dosage 2
to 6g. This revealed that the adsorption capacity (q.) of the
HAp/Alg nano-composite increases with increasing
adsorbent dose (1-2g) up to a particular region and then
reaches an equilibrium level (no significance change) at
higher doses (2-6g). This may be due to the overlapping of
active sites at the higher dosage. So, there was not any
appreciable increase in the effective surface area due to the
conglomeration of exchanger particles (Tahir, 2005). In other
words, this trend could be due to the formation of adsorbent

aggregates at higher adsorbent concentrations, which in turn
could reduce the effective surface area available for the
adsorption (Soumya et al., 2015). So, 2g was considered as
an optimum dose and was used for further study.

22.6
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Figure 8. Effect of pH on nitrate adsorption by HAp/Alg nano-composite at
given conditions: contact time, 240min; dosage, 2g and Ci, 100mg/l at 20°C.

Figure 9. Effect of HAp/Alg nano-composite dosage on nitrate adsorption at
given conditions: contact time, 240min, pH, 3 and Ci, 100mg/l at 20°C.

3.2.4. Effect of Initial Nitrate Concentration

The effect of the initial nitrate concentration on the
removal of nitrate has been examined on the HAp/Alg nano-
composite (Figure 10). The initial concentration of nitrate
solution was varied from 100mg/l to 300mg/l with optimum
adsorbent dose (2g). It is evident from the graph that the
adsorption capacity (q.) of nitrate decreased from 22.5 to
21.7mg/g of the initial nitrate concentration of 100mg/l to
300mg/l, i.e., the amount of nitrate adsorbed decreases with
increasing the nitrate concentration. It is due to the limitation
of adsorption sites on the nano-composite surface (Moussavi
and Khosravi, 2011) and (Vimonses et al., 2009). Also, this
can be explained as follows; with increasing the initial nitrate
concentration, the amount of adsorbate species in the solution
increases, but the amount of adsorbent remains constant and
hence the adsorption capacity (q.) decreases with increase in
the initial nitrate concentration, i.e., the higher uptake of
nitrate at low concentration may be attributed to the
availablity of more active sites on the lesser number of
adsorbate species (Islam and Patel, 2011). In other words, the
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amount of nitrate adsorbed decreases with the increase in the
initial nitrate concentration which attributed to the saturation
of binding sites on the biomass surface leading to increase
number of unabsorbed ions from the aqueous solution,
because of the lack of binding sites on the biomass at higher
concentrations than 100mg/l (Akgelik et al., 2008).

Figure 10. Effect of initial nitrate concentration on adsorption by HAp/Alg
nano-composites at given conditions: contact time, 240min; pH, 3 and
dosage, 2g at 20°C.

3.2.5. Temperature Effect

The adsorption studies were carried out at three different
temperatures (20, 40, and 60°C) and the results of these
experiments are shown in Figure (11). The increase of removal
of NO; with temperature indicates that NOs  is favorably
adsorbed by Hap/Alg nano-composite adsorbent at higher
temperatures, which shows that the adsorption process may be
an endothermic one. This may be due to the increase in the
mobility of NO;™ with increasing temperature. An increasing
number of molecules may also acquire sufficient energy to
undergo interaction with active sites at the surface of Hap/Alg
nano-composite adsorbent. Furthermore, increasing temperature
may produce a swelling effect within the internal structure of the
nano-sized Hap/Alg nano-composite adsorbent enabling large
metal ions to penetrate further (Do”gan and Alkan, 2003).
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Figure 11. Effect of temperature on nitrate adsorption by HAp/Alg nano-
composites at given conditions: contact time, 240min; pH, 3; dosage, 2g and
Ci, 100mg/l.

3.3. Adsorption Kinetics

It is considered one of the most important characteristics

when dealing with the efficiency of adsorption. In order to
investigate the controlling mechanism of adsorption
processes, such as mass transfer and chemical reaction, first-
order and pseudo-second-order as well as intra-particle
diffusion equations are applied to model the kinetics of
nitrate adsorption onto HAp/Alg nano-composite adsorbent.

In a typical kinetic test, 2g of the adsorbent was added to
50ml of 100mg/1 nitrate ion solution at pH 3. The suspension
was agitated for different periods of time (from 5min to
300min) using a shaker.

The plots of q, versus t for the HAp/Alg nano-composite
adsorbent system is found to be exponential indicating the first
order nature of the adsorption process (Figure 12). In order to
find out whether the adsorption process followed first order
kinetics the following generalized first-order kinetic equation
proposed by (Annadurai and Krishnan, 1996) was employed;

1/q;= (ki/q)(1/t) + 1/q, (1)

Where q; and q; are the amounts of nitrate ions adsorbed
per unit mass of adsorbent in (mg/g) at various time t, and at
equilibrium stage, respectively. Also, k; is the first order rate
constant for the adsorption process in (min™'). Linear
correlations of 1/q, versus 1/t were made and the rate
constant k; and q; can be determined from the intercept and
slope of the line, respectively, as given in the table (2).

The pseudo second-order adsorption kinetic rate equation
is expressed as;

dg/d.= kz(Qz'Clt)2 2

Where: k, is the rate constant of pseudo second-order
adsorption and it is expressed in (g mg' min'). For the
boundary conditions t = 0 to t =t and q, = 0 to q, = q, the
integrated form of Equation (2) becomes;

1/(q2 - q) = /gy + kst (3)

This is the integrated rate law for a pseudo second-order
reaction. Equation (3) can be rearranged to obtain Eq. (4),
which has a linear form:

_ 2
t/q, = (1/kaqy”) + (1/g)t 4)
0.0512
0.0500 -]
e 0.0488 —
2 o.
=
o8
=~ 0.0476 —
< Y = 0.0548x + 0.0453
0.0464 R*=0.8929
0.0452
0.044 T T T T T
0 0.02 0.04 0.06 0.08 0.1 0.12
1/t (min-1)

Figure 12. The first-order kinetic model of nitrate adsorption on HAp/Alg
nano-composite at given conditions. contact time, 240min; pH, 3; dosage,
2g and Ci, 100 at 20°C.
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Where q; and q, are the amounts of nitrate ions removed
per unit mass of adsorbent in (mg/g) at an arbitrary contact
time t and at equilibrium stage, respectively. Also, the initial
adsorption rate is represented by (k,q,>) and it is expressed in
(mg g min~"). Once t/q, is plotted versus t, if a linear graph
is obtained, the rate constant and q, can be determined from
the intercept and slope of the line, respectively (Ho and
McKay, 1999). The result of linear curve fitting to the
dynamic data for HAp/Alg nano-composite adsorbent is
shown in Figure (13). In addition, the kinetic model
parameters as well as regression coefficient (R®) for the
adsorbent is reported in Table (2). The R? values very close to
one reveal that pseudo second-order kinetic model can
describe successfully the dynamic behavior of adsorption
process for the adsorbent prepared and used in this work.

In order to test the existence of intra-particle diffusion in
the adsorption process, the amount of nitrate sorbed per unit
mass of adsorbents, q at any time t, was plotted as a function
of square root of time (t'?). The rate constant for intra-
particle diffusion was obtained using Weber-Morris equation
given as follows (Yadav et al., 2006);

16 =
14 —

12 =

y =0.0443x + 0.0507

t/q, (min g mg™)
1

R®=0.9999

I | 1 I I I |
0 50 100 150 200 250 300 350
t (min.)

Figure 13. The pseudo second-order kinetic model of nitrate adsorption on
HAp/Alg nano-composite at given conditions: contact time, 240min; pH, 3;
dosage, 2g and Ci, 100 at 20°C.

qi= ket'? + C (5)

Where q; is the amount of nitrate adsorbed in mg/g of
adsorbent at time t, kp is the intra-particle diffusion rate
constant in (mg g min'?) and t is the agitation time in
minutes. C is the intercept and its value gives an idea about
the thickness of the boundary layer, i.e. the larger the
intercept, the greater is the boundary layer effect (McKay et
al., 1985). The adsorbate species are most probably
transported from the bulk of the solution to the solid phase
through intra-particle diffusion/transport process, which is
often the rate limiting step in many adsorption processes,
especially in a rapidly stirred batch reactor (Weber, 1972
and McKay, 1983), i.e., due to stirring there is a possibility
of transport of nitrate species from the bulk into pores as
well as adsorption at outer surface of HAp/Alg adsorbent
nano-composite. The rate-limiting step may be -either
adsorption or intra-particle diffusion. So, the possibility of

intra-particle diffusion was explored by using the intra-
particle diffusion model (Equation 5). The correlation of the
values of log (removal) and log (time) also resulted in linear
relationships, which also indicate that the process of intra-
particle diffusion is taking place in these adsorption
systems. The divergence in the value of slope from 0.5
indicate the presence of intra-particle diffusion process as
one of the rate limiting steps, besides many other processes
controlling the rate of adsorption, all of which may be
operating simultaneously (McKay et al., 1985 & Weber and
Morris, 1964). The results obtained are presented in the
table (2) and graphically shown in the Figure (14). The
values of q; were found to be linearly correlated with values
of t"2. The rate constants (Kp) for intra-particle diffusion of
various initial nitrate concentrations were determined from
the slope of respective plots. The (r-value) correlation
coefficient (R”) value is high, but not close to the unity,
indicating that this model cannot be to apply. As well as
intercept value indicate that the line was not passing
through origin, i.e., there are some other process affect the
adsorption. So, the intra-particle diffusion takes place along
with other process that may affect the adsorption. It is
evident from the curve that, the plot were straight lines but
the y-intercept of the plot was nonzero (not passing through
the origin), thus indicating that intra-particle diffusion is not
the sole rate-limiting factor for the adsorption of nitrate
onto HAp/Alg adsorbent nano-cmposite.

Finally, from the figures (12, 13 and 14) and table 2, the R*
of the first-order kinetic model, pseudo second-order kinetic
model and the intra-particle diffusion kinetic model for the
HAp/Alg nano-composite were (0.907, 0.999 and 0.835),
respectively. It is clear to see that the R? value of the pseudo
second-order kinetic model is much higher than those for the
first-order kinetic and intra-particle diffusion kinetic models.
Also, the amount of nitrate ion removed (q) that calculated
from the pseudo second-order model (22.57) is nearly close
to the practical adsorption capacity (22.5). Therefore, these
results indicated that the pseudo second-order model
represents is considered the best choice among the three
kinetic models to describe the adsorption behavior of nitrate
onto HAp/Alg nano-composite.

23.00

22.50

22.00

q,(mgig)

21.50 -

y = 0.1005x + 21.014

na1a9

srsietee D2

Figure 14. The intra-particle diffusion kinetic model of nitrate adsorption on
HAp/Alg nano-composite at given conditions: contact time, 240min; pH, 3;
dosage, 2g and Ci, 100 at 20°C.
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Table 2. Fixed values and regression coefficients of the adsorption kinetics of first-order, pseudo-second-order and intra-particle diffusion models for nitrate

adsorption by HAp/Alg nano-composite.

First-order-kinetic model

Pseudo second-order kinetic model

Intra-particle diffusion kinetic model

ki (min”')  q; (mg/g) R’ K; (g mg™' min")

q:(mg/y) R

K, (mg g™ min'?) C(mglp) R

0.4174 22.32 0.907 0.0387

22.57

0.9999 0.0983 20.999 0.8349

3.4. Adsorption Isotherms

An equilibrium ratio of the quantity of adsorbed substance to
mass unit of absorbent and its equilibrium state concentration in
the liquid phase at constant temperature is called adsorption
isotherm. It is one of the most important parameters to realize
the mechanism of adsorption (Mohammad Hassan Shahmoradi
et al., 2015). In order to determine the relationship between the
amount of nitrate ions adsorbed on the adsorbent surface and the
concentration of remaining metal ions in the aqueous phase,
adsorption isotherm studies were performed. Among various
binding models, the Langmuir and Freundlich isotherms have
been frequently employed to describe the experimental data of
adsorption isotherms.

The Langmuir isotherm is valid for monolayer adsorption
onto a surface containing a finite number of identical sites.
The model assumes uniform energies of adsorption onto the
surface and no transmigration of adsorbate in the plane of
surface (Soumya et al., 2015), i.e., the Langmuir adsorption
isotherm is based on the monolayer sorption of metal ions on
the homogeneous surface of the sorbent and is represented by
the following equation (Morey et al., 2000);

_ 9maxKLCe
qe = 1+kLCe (©)

The adsorption data were fitted to linearly transformed
Langmuir isotherm, the linearized Langmuir equation, which
is valid for monolayer sorption onto a surface with finite
number of identical sites, is given by the following equation
(Tahir, 2005);

l/qe =/ qmax) +(1/ Amax KLCe) (7)

Where g, is the amount of nitrate adsorbed per unit mass of
HAp/Alg nano-comopsite adsorbent at equilibrium time
(mg/g), Qmax 1S the maximum adsorption capacity which is the
maximum required amount of the adsorbed component
(nitrate) ion per unit mass of HAp/Alg nano-comopsite
adsorbent (mg/g) to form a complete monolayer on the actual
surface of the adsorbent, C, is the equilibrium concentration of
the adsorbate in solution (mg/L) and ki (equilibrium
adsorption constant) denotes the Langmuir constant (L/mg)
that related to the energy of adsorption. The plotting 1/q. vs
1/C. is shown in figure (15), where q.x and k; can be obtained
from the slope and intercept of the linear plot, respectively.

The other isotherm model that investigated in this work was
Freundlich model. According to the Freundlich model, at
equilibrium the amount of a substance adsorbed (q.) is related
to the concentration of the solute C.. Also, Freundlich equation
can be derived by assuming that the free energy of adsorption
decreases logarithmically as adsorption density increases.

The Freundlich isotherm model is considered to be
appropriate for describing both multilayer sorption and sorption
on heterogeneous surface. The Freundlich isotherm model can
be expressed by the following equation (Ho et al., 2002):

qe = kpC" (8)

Where ki and n are the Freundlich constants characteristic
of the system which are indications of the adsorption capacity
and adsorption intensity, respectively, of the system (Arica et
al., 2003). Also, C, is the equilibrium concentration (mg/L)
and q. is the amount adsorbed of nitrate at equilibrium time
(mg/g). The linear form of the Freundlich isotherm model is
obtained by taking logarithm from Equation (9):

In(qe) = In(ks) + 1/n In(C,) )

By plotting In(q.) vs In(C,) as shown in figure (16), kg and
n are obtained from the intercept and slope of the linear plot,
respectively.
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Figure 15. The Langmuir isotherm plot for nitrate adsorption onto HAp/Alg
nano-composite at given conditions: contact time, 240min.; pH, 3; dosage,
2g and Ci, 100 at 20°C.
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Figure 16. The Freundlich isotherm plot for nitrate adsorption onto
HAp/Alg nano-composite at given conditions. contact time, 240min; pH, 3;
dosage, 2g and Ci, 100 at 20°C.
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The studied Langmuir and Freundlich equilibrium
isotherm (models) were carried out by using the experimental
data obtained to describe the adsorption equilibrium of nitrate
on HAp/Alg nano-composite in solution at constant
temperature 20°C. Figure (15) shows the graph of 1/q. vs
1/C, for Langmuir isotherm. Also, Figure (16) presents the
linear curve fitting for the Freundlich model, using the same
experimental data. The models’ parameters are summarized
in table (3).

Comparing the regression coefficient (R?) values, the
Freundlich isotherm with R? (0.977) is nearly equal to that of
the Langmuir isotherm (0.968), while the practical adsorption
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capacity (22.5) is compatible with the maximum adsorption
capacity (23.1) which calculated from Langmuir isotherm
model, indicating that the adsorption obey the Langmuir
model and made the Langmuir isotherm model was the most
proper model to describe the equilibrium behavior of the
adsorbent, i.e., the nano-composite showed better fit for
Langmuir isotherm than Freundlich isotherm, suggesting the
adsorption of nitrate onto HAp/Alg nano-composite is
chemical process. Finally, the adsorption of nitrate onto
HAp/Alg nano-composite was correlated well with Langmuir
equation as compared to Freundlich equation.

Table 3. Langmuir and Freundlich isotherm models’ parameters for of the adsorption process of nitrate by HAp/Alg nanocomposite.

Freundlich isotherm

Langmuir isotherm

Nano-adsorbent Temp. (K)

1/n n

Ky (L/mg) R’

O (mg/g) K, (L/mg) R’

nHAp/Alg 293 0588 L7

0.576

0.977 23.1 0.39 0.968

3.5. Field Study

The suitability of HAp/Alg nano-composite was tested
with a field samples taken from the study area. About 2g
of adsorbent was added to 50ml of water sample and the
contents were shaken with constant time 240min at room

temperature. As shown in table (4), the results indicated
that the removal percentage reached about 99%, which
reveal that HAp/Alg adsorbent nano-composite can be
effectively employed for removing the nitrate ion from
groundwater.

Table 4. Field trial results of HAp/Alg nano-composite on groundwater samples at the study area.

Sample No. Nitrate concentration before treatment Nitrate concentration after treatment Removal percentage (%)
1 57.75 0.51 99.12
2 65.13 0.6 99.07
3 74.18 0.75 98.99

4. Conclusion

This study demonstrated how the nHAp/Alg nano-
composite prepared and employed for the removal of nitrate
ions from groundwater in a batch method, can be used as a
more effective adsorbent in use. The alginate gel is prepared
by diffusion method or gelation method when a calcium salt
is added to a solution of sodium alginate in water. In gelation
method, the crosslinking calcium ion diffuses from an outer
reservoir into an alginate solution and the gel forms by a
chemical reaction, the calcium displaces the sodium from the
alginate, holds the long alginate molecules together and a gel
is resulted. No heat is required and the gel does not melt
when heated. The HAp/Alg nano-composite adsorbent was
synthesized by in situ hybridization. The FT-IR spectroscopy
results indicate that there is a chemical interaction takes place
between the inorganic and polymeric constituents in the
composite. The chemical interaction is assumed to be
mediated by the chemical bonding between Ca®* and the
carboxyl groups in alginate. Maximum equilibrium capacity
is 99% of nitrate removal was obtained using the HAp/Alg
nano-composite after 240min; at pH, 3; adsorbent dosage, 2g,
initial concentration, 100mg/l and temperature 20°C. The
kinetics of nitrate adsorption onto the nHAp/Alg nano-
composite revealed that nitrate ions adsorbed satisfactorily,

according to the pseudo second-order equation. Fitting of the
kinetic data of the adsorbent nHAp/Alg to pseudo second-
order indicates that the concentration of both adsorbate and
adsorbent are involved in the rate determining step of the
adsorption process. Also, the Langmuir isotherm model fitted
the equilibrium data better than the Freundlich isotherm,
which demonstrated homogeneous surface with monolayer of
adsorbate. The process can be employed for the removal of
nitrate to meet the permissible limit of nitrate for human
drinking water in both surface and groundwater. Finally, the
beads type nHAp—alginate composite adsorbent was found to
be promising for nitrate ions removal from aqueous
solutions.
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