
Journal of Water Process Engineering 12 (2016) 58–65

Contents lists available at ScienceDirect

Journal  of  Water  Process  Engineering

journa l homepage: www.e lsev ier .com/ locate / jwpe

Continuous  fixed-bed  column  study  for  the  removal  of  nitrate  from
water  using  chitosan/alumina  composite

Wondalem  Misganaw  Golie, Sreedevi  Upadhyayula ∗

Department of Chemical Engineering, Indian Institute of Technology Delhi, Hauz Khas, New Delhi 110016, India

a  r  t  i  c  l e  i  n  f  o

Article history:
Received 29 April 2016
Received in revised form 5 June 2016
Accepted 17 June 2016

Keywords:
Adsorption
Breakthrough curve
Chitosan/alumina composite
Fixed-bed
Nitrate removal

a  b  s  t  r  a  c  t

A  continuous  adsorption  study  in a  fixed-bed  column  was  conducted  for the  removal  of  nitrate  from
water  by  using  chitosan/alumina  composite  as  an adsorbent.  The effects  of influent  nitrate  concentration,
flow  rate,  and  bed  depth  on the  adsorption  characteristics  of  adsorbent  and  column  performances  were
evaluated  at  room  temperature  and  original  pH  of  the  solution.  The  results  revealed  that  the  breakthrough
curves  are  significantly  affected  by the  variation  of  flow  rate,  initial  concentration  and  bed  depth.  The
nitrate  removal  efficiency  increased  with  increase  in  bed  height  and  decreased  with  increase  in influent
nitrate  concentration  and  flow  rate.  The  breakthrough  time  increased  with  increase  in bed  height.  Thomas
and  Yoon-Nelson  kinetic  models  were  applied  for  the analysis  of  adsorption  kinetics.  The  model  data
confirmed  that  both  models  are  fitted  well  with  the  experimental  results  of continues  fixed-bed  column
adsorption  study.  Bed-depth  service  time  (BDST)  model  was  used  to  study  the  effect  of  bed  depth  on
breakthrough  curves  and  to predict  the  time  required  for breakthrough.  The  model  data  revealed  the
applicability  of the  BDST  model  for  the  present  system.  The  result  show  that  chitosan/alumina  composite
can  be  used  in  fixed  bed  column  for the  removal  of  nitrate  from  water.

©  2016  Elsevier  Ltd.  All  rights  reserved.

1. Introduction

Anthropologic activities including industrialization and agricul-
tural practices contributed immeasurably to the imbalances in the
nitrogen cycle and resulted in alarmingly increased levels of nitrate
in drinking water sources and other water bodies, imposing a seri-
ous threat to human health and contributing to eutrophication.
[1]. High nitrate concentrations in drinking water sources can lead
to a potential risk to public health causing methaemoglobinaemia
and cancer [2,3]. The World Health Organization (WHO) guidelines
for drinking water quality standard recommended the maximum
limit of nitrate concentration in drinking water to be 50 mg/L as
nitrate ion (or 11 mg/L as nitrate-nitrogen) to minimize the risk
associated to human health [4]. Considering the significant human
health impacts of elevated levels of nitrate in drinking water sup-
plies, a number of methods and technologies are commonly applied
to such water [5]. Among the unit operations in water treatment,
adsorption occupies an important position since it is an efficient
and economically feasible process for nitrate removal from water
[5]. Various materials have been investigated as adsorbents for
removal of nitrate from water and wastewater [5]. Chitosan is
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one of the promising biosorbent due to low cost, biocompatibil-
ity, biodegradability, and nontoxicity. The presence of amino and
hydroxyl functional groups show significant adsorption potential
for the removal of various aquatic pollutants [6]. However; weak
physical and morphological properties of chitosan limit its appli-
cations [7]. These limitations can be overcome by incorporation
reinforcing fillers and formation of organic-inorganic hybrid com-
posite [8]. Adsorption capacity can be enhanced by several chemical
modifications, such as chemical cross-linking and protonation of
the amino groups in the chitosan molecules [9]. Dispersion of oxides
of inorganic materials contribute positively charged multivalent
cations which can create positive charges on the adsorbent surface
[10]. Moreover, formation of organic-inorganic hybrid composite
improves the mechanical stability of chitosan for column applica-
tions.

Numerous studies on the removal of nitrate from water and
wastewater using a various of adsorbents which has been reported
in the literature and most of the studies on nitrate adsorption
were focused on batch equilibrium studies [5,9]. However; batch
studies are only limited to investigate the characteristics of the
adsorbent and the results obtained cannot easily applied directly
to continuous process [11]. Continuous flow process is more use-
ful as compared to batch process. Continuous process is simple
to operate and can be controlled easily, can be easily scaled up
from a laboratory-scale procedure, and it is economical process
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Nomenclatures

Cb Breakthrough concentration (mg/L)
Co Initial adsorbate concentration (mg/L)
Ct Effluent adsorbate concentration (mg/L)
EBCT Empty Bed Contact Time (h)
H Total depth of the bed (cm)
kTh Thomas rate constant (L/h.mg)
kYN Yoon-Nelson rate velocity constant (h−1)
K� Kinetic constant BDST model (L/mg h)
M Weight of the adsorbent in the column (g)
MTZ  The mass transfer zone (cm)
No Adsorption capacity, mg/L
qe Experimental equilibrium nitrate adsorption capac-

ity (mg/g)
q0 Maximum equilibrium nitrate adsorption capacity

from Thomas model (mg/g)
qtotal Total amount of nitrate adsorbed (mg)
R Total percentage removal of nitrate (%)
tb Breakthrough time (h)
te Exhaustion time (h)
u Linear velocity (cm/h)
V Volume of the bed (L)
Vb Breakthrough volume (L)
Ve Total effluent volume (L)
Wtot Total amount of nitrate sent to the column (mg)
� Time in required for 50% adsorbate breakthrough (h)

[12,13]. Large volume of water can be continuously treated using
a defined quantity of adsorbent in the column. Moreover; continu-
ous fixed-bed column study can be used to identify the feasibility
of the adsorbent under continuous loading with nitrate ion [14,15].
Furthermore; no research was reported about nitrate adsorption
by chitosan/alumina composite by fixed-bed adsorption column.
Therefore, it is important to study the dynamic behavior in a fixed-
bed column condition for the removal of nitrate from water using
chitosan based adsorbents. The aim of this study is to perform con-
tinuous column study for the removal of nitrate and to investigate
the performance of chitosan/alumina composite under different
process variables such as flow rate, bed depth and influent nitrate
concentration. Thomas, Yoon-Nelson, and Bed Depth Service Time
(BDST) kinetic models were applied to experimental data to the
kinetic parameters and to evaluate the column performance in
order to predict the scale-up of a unit plant for the removal of nitrate
from water using chitosan/alumina composite.

2. Materials and methods

2.1. Materials

Chitosan pure (85% deacetylated and M.W  193400 g/mol) and
potassium nitrate were purchased from Sisco Research Labora-
tory (SRL), New Delhi (India). Alumina and glutaraldehyde solution
(25%) were purchased from Central Drug House (CDH), New Delhi
(India). Glacial acetic acid and sodium hydroxide were purchased
from Fisher Scientific, New Delhi (India). Hydrochloric acid (GR,
35%) was purchased from Merck, New Delhi (India).

2.2. Preparation of adsorbents

Chitosan solution was prepared by dissolving 5.0 g of chitosan
powder in 100 mL  of 5% (v/v) acetic acid solution. The solution
was diluted to 200 mL  with deionized water and kept stirred at
room temperature for 24 h to ensure that the chitosan was com-

Fig. 1. Schematic diagram of fixed-bed adsorption column.

pletely dissolved. Chitosan/alumina composite was  prepared by
dispersing 5 g of alumina powder into the chitosan solution and
the mixture was ultrasonicated for 1 h. Crosslinking was  done by
adding 20 mL  of glutaraldehyde aqueous solution and stirred vigor-
ously for 5 min. Cross-linking reaction was  performed by keeping
the mixture in refrigerator at 4 ◦C for 24 h [10] and then the cross-
linked chitosan/alumina composite washed with deionized water
to remove any unreacted glutaraldehyde. In order to protonate
the amine groups of chitosan, the cross-linked chitosan/alumina
composite was treated with 1 M HCl solution at 50 ◦C for 1 h. The
resulting protonated chitosan/alumina composite was rinsed with
deionized water several times to neutral pH, dried in an oven at
60 ◦C for 24 h, and stored in a sealed vessel for further use.

2.3. Characterization

In order to examine the structural information of ChAl biocom-
posite, Fourier Transform Infrared spectroscopy (FT-IR) was  carried
out on NICOLET iS50FT-IR model to. The surface morphology of the
adsorbent was studied with scanning electron microscope (SEM)
with ZEISS EVO 18 model.

2.4. Continuous fixed-bed column experiments

Continuous fixed-bed adsorption column studies were con-
ducted to evaluate the dynamic behavior of nitrate removal by
chitosan/alumina composite. Continuous flow adsorption experi-
ments were carried out in glass columns of 1.0 cm inside diameter.
A schematic diagram of the experimental set-up used is shown in
Fig. 1. The column was packed with known quantity of chitosan
composite between two supporting layers of cotton wool to obtain
a particular bed height and to avoid loss of adsorbent during flow
of solution inside the column. The effect of significant parameters
such as influent nitrate concentration (100, 150, and 200 mg/L),
flow rate (0.24, 0.48, and 0.72 L/h, and depth of bed (20, 30, 40 and
50 cm)  on the breakthrough curves and amount of nitrate removed
were investigated. The breakthrough concentration was  considered
to be 50 mg/L which is recommended by WHO  as a maximum con-
centration level in drinking water [4]. The column was operated at
temperature of 25 ± 2 ◦C and at the original solution pH value of
6.8 ± 0.2.

Regeneration is important aspect to reuse the same material
and gives insight of cost effectiveness of the process [16]. In this
study, a preliminary regeneration experiment was conducted by
passing 0.1 M NaOH solution through the saturated bed at flow
rate of 0.48 L/h for 3 h followed by rinsing with deionized water for
another 1 h with the same flow rate after each cycle of regeneration.

Sampling of column effluent was  done at certain time inter-
vals and analyzed for the remaining nitrate concentration in order
to investigate the breakthrough point and shape of breakthrough
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