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ABSTRACT

Chitosan/hydroxyapatite (HAp/CS) nanohybrid has been fabricated in an optimized synthesis
condition to be employed for the removal of nitrite from water samples. The method was optimized
using the design of experiments developing a three-factor, central composite design model. Particle
size of the optimum nanohybrid was 17.1 nm. HAp/CS as an adsorbent hybrid was also character-
ized by X-ray diffraction and Fourier transform infrared spectroscopy to specify its morphology,
functionality, and structure. In order to remove nitrite ions by the nanohybrid, cross-linked chi-
tosan-apatite nanohybrid was prepared and the process was monitored by UV-visible (UV-Vis)
spectrophotometry. The UV-Vis spectrum of cross-linked chitosan-apatite nanohybrid suspen-
sion was recorded every 5 min to obtain and evaluate the analyte concentration. Also, the evolu-
tion of the adsorption process was investigated by multivariate curve resolution-alternating least

squares method.
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1. Introduction

Environmental efforts have been focused to provide
clean water as an important goal in life aspects. Removal
of pollutants from water has remained a major global chal-
lenge [1-3]. As an example, high nitrite levels in water are
known as a pollution which can cause methemoglobinemia
or blue baby syndrome [4]. Nitrate (NOj;) is an anion which
its presence in water resources and groundwater aquifers
has created serious problems all around the world. One of
the most important factors which many increase the level
of nitrate concentration is the overuses of fertilizers and
industrial productions. This phenomenon can cause a seri-
ous health risk for human and animals [5-7]. Currently,
in order to decline the concentration of nitrate in potable
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water and control it, different methods such as ion exchange
(IX), reverse osmosis (RO), electro dialysis (ED), and bio-
logical denitrification (BD) have set in many countries.
Although these methods are considered as useful technolo-
gies to eliminate nitrate in the water which offer operational
information gained from valuable industry experiences,
these also suffer from drawbacks as well. The most common
disadvantages of these techniques are high costs, poor per-
formance in solving the problems relevant to the excess
nitrate in the environment and waste water production
because of highly brine content. In recent years, adsorption
by natural materials has shown to be one of the most effi-
cient and low cost methods for ion removed from aqueous
solution. So far, various types of natural adsorbents, such
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as activated carbons, chelating materials, biosorbents,
and chitosan (CS)/natural zeolites have been employed for
the adsorption of ions from aqueous solutions [5,7-15].

Chitosan [(-(1-4)-linked-2-amino-2-deoxy-p-glucose] is
a type of natural polyamino-saccharide, known as the sec-
ond most abundant natural polysaccharide after cellulose
[16,17]. Its noticeable properties, for example, adsorption
capacity, hydrophobic nature, biocompatibility, biodegrada-
tion rate, and non-toxicity, widens its applications. However,
it has some physical and chemical deficiencies which can
be improved by several strategies such as hybridation,
grafting, and cross linking. Among different deficiency
improvement routes, hybridation is known to be efficient
in enhancement of selectivity, regeneration, surface area,
mechanical strength, and surface behavior of chemicals [18].
Chitosan based hybrids have been fabricated to adsorb pol-
lutants from water samples [19,20]. Calcium hydroxyapatite
(HAp) is an inorganic biomaterial, which shows good ionic
exchange ability for both cation and anion structures, due to
its unique channel as a high efficient adsorbent to remove
ions from water samples [21-23]. Hydroxyapatite/chitosan
(HAp-CS) nano hybrid has been employed in biomedical
applications and some environmental pollutant removal
process such as adsorption of dyes and heavy metals have
been studied [24,25]. An important part of an experimental
investigation is to optimize the procedure condition [26,27].
In case of nanohybrid fabrication, it is necessary to optimize
the size and morphology of the obtained hybrid, consid-
ering the experimental parameters which may influence
the output. Design of experiments (DOE) is a well-known
approach for this aim. In this paper, HAp-CS composites
were prepared with co-precipitation method, being opti-
mized to achieve the minimum size of HAp-CS nano hybrid.
The HAp-CS nano hybrid obtained by optimal condition
was cross linked by N,N-methylenebisacrylamide, and then
being used to remove of nitrite contaminant from water sam-
ples. Hence, the present study is aimed to extend the applica-
tion of HAp-CCS nano hybrid for removal nitrite ions from
water samples. The removal process was also monitored by
UV-visible (UV-Vis) spectroscopy. Then, obtained data were
processed by multivariate curve resolution-alternating least
squares is (MCR-ALS) method.

2. Experimental
2.1. Materials and apparatus

Chitosan from Suvchem (India), calcium nitrate
(Ca(NO,),) and sodium nitrite (NaNO,) from Sigma Aldrich,
ammonium dihydrogen phosphate and ammonia from
Merck (Germany), all were of analytical grade.

The UV-Vis spectrophotometer was from Camspec
Co. The particle size of nano hybrids was determined by
dynamic light scattering (DLS) Courduan technologies
VASCO, laser diode 658 nm/15 mW, and morphology of syn-
thesized nano hybrids was determined by a field emission
scanning electron microscope (FESEM) (30 kV, model 4160,
Hitachi, Japan). In order to digitalize the IR spectral data,
WINFIRST software V.3.57 was used. Process optimization
was conducted by MINITAB software V.7. MCR-ALS GUI
user-friendly graphical interface was run in Matlab 2014 [28].

2.2. Synthesis of HAp-CS nano hybrid

HAp-CS hybrid fabricated with different CS contents
(according to DOE model). Chitosan was firstly dissolved
in glacial acetic acid (2%), being stirred continuously for
3 h to acquire a homogenous gel. CS gel was then mixed
with Ca(NO,),4H,O solution with a stoichiometric ratio
of Ca/P = 1.67. In the next step (NH,),HPO, solution was
added to CS-Ca (NO,), solution at the rate of 5 mL/min in
the volume ratio of 3:2. The pH of the reaction was main-
tained above 10 using ammonia solution during the entire
addition process and continuous stirring for 4 h. The
obtained suspension was filtered with vacuum pump and
the precipitate was rinsed with deionized water until the
pH of filtrate was close to 7. Then the HAp-CS hybrid was
further rinsed with ethanol, being dried at designed tem-
perature. Chemical cross-linking of the HAp-CS nano hybrid
was performed to improve pore size, hydrophilicity, and
improve adsorption capacity by interpolation of new func-
tional groups on HAp-CS nano hybrid. Thus HAp-CS was
dispersed in deionized water, being stirred for 1 h at room
temperature. Then C.H,NO (1.0 g), CH, N,O, (MBA) (0.1 g),
and (NH,),S,0, (0.1 g) were added to the suspension, being
further stirred for 2 h at 80°C. The obtained suspension
was centrifuged and rinsed with ethanol deionized water.
The precipitate was dried at 40°C in vacuum oven for 12 h.

2.3. Experimental design and statistic

A central composite design (CCD) with response
surface methodology (RSM) was applied for optimiza-
tion. The RSM model was equipped with statistical tools
to determine the significance of a factor over a response.
The RSM focused on the construction of geometrical
approaches which can predict the behavior of the factors
in the evaluation area. On the other hand, RSM enables the
independent evaluation of each factor and their interaction
within the proposed model. In order to evaluate the influ-
ence of operating parameters on the particle size (response,
Y), studied factors were CS: HAp (30%, 50%, and 70%
w/w), pH (10-12) and drying temperature (80°C-150°C). A
total number of 20 runs were created by this design for the
three studied factors of the CCD model (Table 1). Size of
the fabricated nano hybrids was determined by DLS, and
their morphology was studied by FESEM.

2.4. Nitrite removal
2.4.1. Determination of the adsorption capacity

Sodium nitrite (NaNO,) was dissolved in deionized
water to prepare stock solution. Then test solution were
prepared in the concentrations ranges of 50-100 mg L. In the
next step 0.05 g HAp-CCS nano hybrid was added to nitrite
solution in a conical flask being horizontally shaked at
shaking frequency of 120 rpm at room temperature (25°C).
The solution was filtered and the remaining nitrite concen-
trations was determined using UV/Vis spectrophotometer
at 400-600 nm, according to the colorimetric assay based on
the Greiss reaction method [29]. The same procedure was
applied for determination of nitrite ions adsorbed per gram
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of sorbent (simply the unit will be noted as mg/g), being
calculated using the general Eq. (1) [30]:

@

Table 1
Central composite design (CCD) experimental in different runs
and the responses obtained

Run X, X, X, Y

1 0 0 1.68 31.3
2 0 0 0 23.4
3 1 1 1 15.7
4 -1 -1 1 35.6
5 0 1.68 0 15.6
6 1 -1 -1 423
7 0 0 -1.68 36.2
8 -1.68 0 0 21.1
9 1.68 0 0 56.7
10 0 1 -1 24.3
11 0 1 1 27.3
12 0 -1.68 0 32.2
13 0 -1 -1 31.3
14 1 -1 1 45.0
15 1 1 -1 39.1
16 0 0 0 23.4
17 0 0 0 27.5
18 0 0 0 23.5
19 0 0 0 27.3
20 -1 -1 -1 31.3

X, X,, and X, are studied variables and Y is nanohybrid’s size (nm).
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where g, is the adsorption capacity (mg/g), C, and C, are
the initial and equilibrium concentrations of nitrite ions in
the liquid phase (mg/L), respectively. V is the volume of
the solution (mL) and M is the amount of HAp-CCS nano
hybrid (g).

2.4.2. Effect of contact time

In order to disclose contact time, 0.05 g of the (HAp-
CCS) nano sorbent was added to 50 mL of nitrite solution
(100 mg/L) in a flask and the contents were shaken at room
temperature at 200 rpm for a time period of 5-60 min. Then
the contents were filtered, being analyzed to determine the
sorption capacity.

3. Results and discussion
3.1. Characterization of the sorbents

The X-ray diffraction (XRD) analyses were performed
on HAp powder, CS, and CS-HAp hybrid samples using
a diffractometer. The XRD was further employed to reveal
the crystallographic evaluation of the prepared sorbents.
As observed in Fig. 1, Crystalline signal of HAp at 20 = 26.0°,
31.9°, 33.1°, 34.2°, and 39.9° would appear in HAp-CS com-
posites. This indicated that there was no significant change
in the crystalline structure after the composite formation [31].

The particle size and morphology of fabricated HAp, and
HAp-CS hybrid were studied using FESEM. Typical SEM
image of both samples, is shown in Fig. 2. Nano hybrids
were all spherical with appropriate morphology and nano
hybrids distribution is similar.

Fourier transform infrared (FTIR) spectra of chitosan,
Hap, and HAp-CS hybrid in the 400-4,000 cm™ spec-
tral region were recorded and have been presented in
Fig. 3. The FTIR spectrum of HAp shows stretching vibra-
tions at 632 and 3,140 cm™ due to hydroxyl groups. The
bands at 560-610 cm™ and 1,000-1,100 cm™ correspond to
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Fig. 1. XRD pattern of CS, HAp, and HAp-CS.
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Fig. 2. FESEM images of (a) CS-HAp 30%, (b) CS-HAp 70%, (c) CS-HAp 50%, (d) apatite, and (e) optimized HAp-CS nanohybrid.

PO, stretching vibrations [32,33]. Fig. 3b shows a band
at 1,636 cm™ due to C=0O group of chitosan in the hybrid.
In Fig. 3b, C the -NH group of chitosan makes spectral
features at 1,634 and 3,140 cm™'. The bands at 2,850; 1,460;
1,383 cm™are attributed to the vibration of -CH group of
chitosan. The vibration bands of C-O group are overlapped
with phosphate bands at 1,150-1,040 cm™. Thus, by incor-
poration of CS into HAp, the two specific bands of amino
groups (3,370 and 1,599 cm™) would shift to higher wav-
enumbers which indicate feasible interactions between
CS and HAp. According to the structures of CS and HAp,

these interactions may contain hydrogen bonding between
OH of HAp and NH, of CS as well as chelating between
Ca> and NH,,.

3.2. Effect of variables on the size of HAp-CS nano hybrid

In order to evaluate the experimental design model,
particle size was determined for different combinations
of the parameters to study the combined effects of these
factors, and obtained result from model, provided the
effect of variables in response as Eq. (2).
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Fig. 3. FTIR spectra of (a) chitosan, (b) apatite, and (c) CS/HAp in the 400—4,000 cm™ spectral region.

Y=b+bA+b,B+b,C+bb,AB+bb,AC+b,b,BC+

b, A* +b,,B* + b33C2 )

In Eq. (2), Y, A, B, and C, are the response (nano hybrid
size), the HAp-CS ratio, pH of reaction, and dry tempera-
ture, respectively. Also, b, is constant regression coefficient,
and b,-b, are the coefficients of variables A, B, and C. Linear,
quadratic, and interactive terms conformity are evaluated
with result of the test. The linear model was found to be
the most suitable model. Analysis of variance (ANOVA)
can be used to realize the effect of variables. In this analy-
sis, p-value can be used the survey the importance of coef-
ficients. p-value less than 0.05 indicate that model terms
are significant with in selected conditions. The tests for
significance of the regression model were evaluated and the
results of ANOVA have been presented a table in supple-
mentary documents. In this case A, B, and AB are significant
model terms. Thus, HAp-CS ratio and pH are more influ-
ent upon the response between studied parameters that can
be synergistic effect and antagonistic effect, respectively.
In case of lack of fit, p-value was greater than 0.05, and
thus it is not significant. Relationships between variables
and responses are presented by Eq. (3):

Y =2728+12.15A-7.61B+14.33AB 3)

A positive sign in the equation represents a synergistic
effect of the variables, while a negative sign indicates an
antagonistic effect of the variables. The correlation measure
for testing fitting quality of the regression equation was
adjusted correlation coefficient (R2,). The value of adjustable
R? was calculated to be 73.25% for !Eq. (3). The R? value pro-
vides a measure of variation in the observed response values
and can be explained by the experimental factors and their
interactions. When expressed as a percentage, R? is inter-
preted as the percent variability in the response explained

by the statistical model. The sample variation of 73.25%
for Eq. (3) was degree of correlation between the observed
and predicted values.

The effect of HAp-CS ratio (A) and pH of reaction (B)
on the nano hybrid size (Y) is shown in Fig. 4a. The nano
hybrid size is decreased by increasing pH and decreasing
ratio of HAp-CS. This could be possibly attributed to degree
of crystallization in apatite by pH increment, and while
it is reduced the size of nano hybrid is more fine.

Fig. 4b shows the residual plots for nanohybrid size in
this model. The regression analysis to error variance should
be around zero, otherwise model is unreliable. In fitted value
plot, residual value explains if the model is suitable or not.
It also provides fitted normal distribution and the response
randomly and symmetric scatter in the residual plots.

During above-mentioned, steps the synthesis methods
were optimized. In accordance with CCD experimental
design, optimum HAp-CS ratio, pH 36%, and 12.7, being
used for the fabrication process. The optimized response
was estimated to be 17 nm. HAp-CS nano hybrid was pre-
pared based on the optimized method, being modified by
MBA cross-linking and employed in nitrite removal from
water samples. Chitsoan was dissolved in acetic acid and
ionized amine group, chitosan shows great tendency to
react with PO?- based ions (consisting of PO, HPOZ, and
H,PQO,), in the next step negatively charged PO sites would
incorporate with positive charged calcium ions and incept
nucleation process of nano-sized HAp particles on CS and
then cross linking with MBA would occur according to
section 2.3.1 (Fig. 5).

3.3. Effect of contact time

The isotherm for adsorption of nitrite by optimized
HAp-Cross linked CS hybrid is displayed in Fig. 6. The nitrite
ions removal was very fast at the beginning (within 30 min),
being continued by a slower kinetics until equilibrium.
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Fig. 4. Residual plots for Y according to the model Eq. (3).
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Fig. 5. Proposed mechanism for nHA crystalline formation.

Generally, it was noticed that a contact time of 60 min is
sufficient to ensure the capacity saturation for the nitrite
ions sorption.

3.4. UV-Vis spectroscopy multivariate curve resolution

In order to perform nitrite removal by the nano hybrid,
cross linked chitosan-apatite nanohybrid was examined in
60 min according to previously mentioned procedure and
process was monitored by UV-Vis spectrophotometry in
400-600 nm spectral region. The UV-Vis spectrum of cross
linked chitosan-apatite nano hybrid solution was recorded
every 5 min to obtain and evaluate the equilibrium concen-
tration. The results from UV-Vis spectra demonstrate that
the A__ is 510 nm. The obtained spectra showed a gradual
reduction in concentration of nitrite till 50 min and stable
concentration after wards. MCR-ALS chemometric method
was employed to the spectral process data. It is assumed that
there is a bilinear relationship between data. Consequently,
data matrix is decomposed as follows:

D=CS"+E (4)

Versus Order
(response is SEM)

104

-104

where D, C, S”, and E are data matrix, concentration pro-
file, spectral profile, and error matrix, respectively. Before
decomposition of data matrix, it is essential to determine
the number of active components in the evaluated sys-
tem and this task is performed by principal component
analysis (PCA). Then, decomposition is performed by
an initial estimation of one of the concentrations or spec-
tral profiles, utilizing a curve resolution method such as
evolving factor analysis (EFA). Estimated profile is used in
the above equation to get other profiles and in next stage
the profile resulted in this stage is applied to calculate the
profile realized in previous stage. This process continues
to reach convergence and profiles with minimum error is
calculated. Least squares (LS) calculation is error criteria.
During decomposition of data matrix to concentration and
spectral profiles, ambiguities are one of the main prob-
lems that are encountered. In order to solve ambiguity
problem, application of some constraints such as no nega-
tivity which assumes that there are not negative values in
concentration and spectral profile and unimodalty which
assumes one maximum in profiles is helpful [28,34,35].

Spectra of nitrite solution were recorded during adsorp-
tion process. These spectra were applied as a data matrix
while its rows were the time and its columns were wave-
lengths, to investigate concentration profile of nitrite. PCA
revealed that there is one active component in system.
After performing of EFA, resulted concentration profile
was used as initial estimation. The resolved concentra-
tion profile obtained from MCR-ALS has been shown in
Fig. 7. Resolved profiles affirm the results of UV-Vis spec-
tra. It means that adsorption of nitrite on adsorbent unit
20 min would be gradual and after that unit 50 min is
would be faster.

3.5. Desorption study

One of the important parameters featuring powerful
sorbents is its regeneration tendency. The anions adsorbed
on this were replaced by OH". The adsorbents regained
their original form after treating with excess amount of
deionized water.
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Fig. 6. Effect of contact time on the sorption capacity of nitrite ions on to HAp-CS nanohybrid.
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Fig. 7. Data profile of nitrite solution resolved by the MCR-ALS method. (a) Concentration profile and (b) spectral profile.

4. Conclusions

In the present study, the preparation and optimiza-
tion of chitosan/hydroxyapatite (HAp/CS) nano hybrid as
adsorbent for remove of nitrite from suspension has been
investigated. The CCD model was used to statistically
optimize parameters and evaluate the main effects of the
independent variables on the particle size. The HAp/CS
as adsorbent hybrid was also characterized by XRD and

FTIR spectroscopy to specify its morphology, functionality,
and structure.

In order to removal of nitrite ions by the nano hybrid,
cross linked chitosan-apatite nano hybrid was performed
and process was monitored by UV-Vis spectrophotom-
etry. The UV-Vis spectrum of cross linked chitosan-apa-
tite nano hybrid suspension was recorded every 5 min to
obtain and evaluate the equilibrium concentration. Also,
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in order to investigate the evolution of adsorption process
was investigated by MCR-ALS method.
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