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    ABSTRACT 

Inorganic nitrogen pollution in recent years has left their impression on 

the environment and ecological system. Extensive use of nitrogen fertilizers, 

wastewater from livestock and poultry breeding industries, municipal sewage 

treatment plants contribute to highly aggressive nitrogen contamination. They 

cause negative impacts on water quality through eutrophication and soil 

erosion. The high concentration of nitrates and ammonia in drinking water 

causes serious health issues in human beings. Adsorption is found as the most 

efficient process to remove harmful nitrogencontaining compounds effectively 

in a wastewater treatment system. 

In the present work, the removal of nitrate nitrogen (NO3-N) from 

aqueous solution by adsorption using nano-bio sorbents, namely Fe-CH-NSP 

(Iron loaded Chitosan Nutmeg shell powder) and Chitosan-Bentonite 

Nanocomposite films (CH-B-NCF) has been studied. The adsorption 

efficiency of CH-B-NCF onto ammonia nitrogen (NH4
+
-N) has also been 

investigated. The nanobiosorbents used in the study were synthesized in the 

laboratory using standard methods, and they were characterized by SEM, 

TEM,FTIR and TGA.  Batch adsorption studies were conducted to assess the 

effect of various parameters on adsorption. The maximum nitrate nitrogen 

removal efficiency for Fe-CH-NSP was found to be 83.33 mg/g, and that of 

CH-B-NCF was 76.92 mg/g. From the batch study of nitrate removal with 

CH-B-NCF, a pH of 4 was obtained as the optimum. The pH identified for 

maximum nitrate removal using Fe-CH-NSP was 8. Further studies to find  

the effect of initial concentration, time and temperature were conducted at the 

optimum pH. The adsorption equilibrium data were analyzed with Freundlich, 

Langmuir, Tempkin, and Dubinin Radushkevich isotherms. The adsorption 
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equilibrium data of nitrate removal with Fe-CH-NSP and CH-B-NCF was best 

fitted to Langmuir isotherm. Kinetic studies for nitrate removal using both the 

adsorbents showed that the adsorption data fitted to the pseudo-second-order 

kinetic model. Thermodynamic studies on nitrate removal were carried out 

with Fe-CH-NSP and chitosan bentonitenanocomposite films. The 

optimization of batch adsorption of nitrate-nitrogen uptake onto CH-B-NCF 

using response surface method was carried out. On considering the ease of 

handling and economic loss due to small particle size, chitosan bentonite films 

were selected for column operation. The regeneration of chitosan 

bentonitenanocomposite films loaded with nitrate was done with 1 M NaCl. 

The acidic or alkaline conditions were not conducive in the adsorption 

of ammonia nitrogen with CH-B-NCF. So further adsorption studies were 

conducted at pH value of pH= 6. The equilibrium adsorption data gave a 

better prediction with the Freundlich model. The kinetic studies suggested the 

pseudo-second-order mechanism for adsorption. The values of 

thermodynamic parameters proposed that the adsorption is a spontaneous and 

exothermic process. RSM has been employed to evaluate and optimize the 

effects of initial ammonia concentration, pH, contact time, and temperature on 

NH4
+
-N removal. The desorption study of nanocomposite films laden with 

NH4
+
-N was conducted using 0.5 M NaOH. 

Continuous fixed-bed studies for nitrate removal using chitosan 

bentonitenanocomposite films showed that with an increase in bed height, the 

breakthrough curve shifted to the right, and more volume of effluent could be 

treated. As the flow rate of nitrate solution increased, the saturation of the bed 

occurred faster. Modeling of the packed bed column was performed using the 

Thomas model, Yoon Nelson model, and Adam Bohart model. The 

correlation between experimental and theoretical data of column operation 
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was compared for the three models by plotting (Cf/C0)experimental versus 

(Cf/C0)theoretical. From the values of the correlation coefficient, the Thomas 

model and the Yoon Nelson model were found to fit well to the experimental 

data. Adam Bohart correlation was proved best for the initial part of the 

adsorption process. Results revealed that packed bed adsorption column using 

nanocomposite films could be used in water treatment systems to eliminate 

nitrogenous contaminants effectively 

Keywords: Adsorption, Nano biosorbents, Chitosan, Bentonitenanoclay, 

Nutmeg shell powder, Packed bed column. 
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CHAPTER 1 

INTRODUCTION 

 

1.1  BACKGROUND OF THE RESEARCH 

Advanced wastewater treatment is attracting an international spotlight 

for effective shielding of environmental degradation due to the discharge of 

detrimental chemicals. The rapid growth of industries and agriculture causes 

water pollution. The presence of contaminants deteriorates the quality of water 

which undergoes a distinct shift in its capability to support human life and 

biotic communities. The World Health Organization (WHO) reported that half 

of the world’s inhabitants will be living in water stressed areas by 2025. To 

find innovative solutions to this global issue is therefore an emergent research 

need. 

Nutrient compounds such as ammonia nitrogen (NH4
+
-N), nitrite  

(NO2
-
) and nitrate (NO3

-
) are often present in surface and ground water. Due to 

their high solubility, they can quickly end up in all water resources. High 

nutrient concentration in water can lead to an imminent risk to animal and 

human health. (Yian et al., 2012). Also, nutrients contribute extensively to 

eutrophication in the aquatic environment. Nutrients at a desirable level are 

essential for plant growth and development. The recovered nutrients detached 

from the wastewater can be used as fertilizers (Zuohao et al., 2011). So 

recovery of the nutrients has relevance. Therefore, new research strategies for 

the removal of nitrogenous contaminants are indispensable. 
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1.2  SOURCES OF NITRATE NITROGEN AND AMMONIA  

 NITROGEN 

The primary cause of nitrogen contamination is the extensive use of 

nitrogenous fertilizers and the increasing escalation of farming practices. 

Nitrogen fertilizers are used in agriculture to increase yield and quality. 

Nitrogen is a precious limiting nutrient in plant growth and is a constituent of 

chlorophyll. It is a fundamental building block of plant and animal proteins 

and many other molecules. Usually, proteins hold nearly 16% nitrogen. About 

40–70% of the nitrogen available in standard fertilizers escapes to the 

surroundings and cannot be absorbed by plants, especially in autumn and 

winter, when vegetation uptake is decreased, and precipitation exceeds 

evapotranspiration (Raheleh Malekian et al., 2011). Sewage and organic solid 

wastes provide nitrogen pollution largely next to agriculture. The human and 

animal excreta contain nitrogen in the form of organic molecules, such as urea 

and urine. The microbial action on urea causes the ammonia release, propping 

up the growth of algae in water bodies. Beyond water and soil pollution, the 

air pollution through nitrous oxides which is a green house gas also 

contributes to the offensive effect of nitrogen. The reactive nitrogen enters into 

the flora and fauna by vehicular pollution, fossil-fuel burning and exhausts of 

air pollution control devices. Nitrous oxide is a fast-growing sponsor to global 

climate change. The petrochemical, pharmaceutical and explosive industries 

are the major industrial activities that result in the release of nitrogenous 

wastes. 

 

1.3  ADVERSE EFFECTS OF NITROGENOUS WASTES 

Extreme nitrogen inputs can initiate adverse ecological effects, ranging 

from eutrophication to global acidification. Reduced water clarity and 
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excessive growth of weeds and algae are typical signs of eutrophication. The 

high levels of organic matter after the decomposition of algae deplete the 

dissolved oxygen, leading to the death of fish and other aquatic species. Soil 

acidification, plant biodiversity reduction, phytoplankton blooms and 

production of the greenhouse gas nitrous oxide (N2O) are the other crucial 

environmental issues associated with nitrogen contaminants. 

 

Nitrite ions transformed from nitrate ions is a precursor of carcinogenic 

nitrosamines (Amit and Mika, 2011). Typically three types of cancers are 

reported due to nitrates, viz., gastric cancer, non-Hodgkin’s lymphoma, and 

cancer of alimentary canal. Under the acidic conditions in the human stomach 

the nitrate forms nitrous acid. The protonation of nitrous acid forms 

nitrosonium cation and water. The reaction of the nitrosonium cation with 

amine produces carcinogenic nitrosamines and water. It is given in  

equation 1.1 

HONO + R2NH → R2N-NO + H2O ………………………………1.1 

 

Hemoglobin is a blood protein that helps to carry blood throughout the 

body. The hemoglobin, in the presence of nitrates gets converted to 

methemoglobin. The conversion of the ferrous state of iron in the heme group 

to the ferric state in methemoglobin decreases the ability of blood to carry 

oxygen, which becomes lethal in infants. Blue baby syndrome 

(Methemoglobanemia) and cyanosis have been widely reported due to nitrates 

in drinking water (Costas et al., 2010). The nitrates also impose a negative 

effect on human health through congenital disabilities, spontaneous abortion, 

changes in the immune system, diarrhoea, diabetes, respiratory tract 

infections, and hypertension (Kassaee et al., 2011). The increased usage of 

groundwater for drinking and irrigation purposes in India resulted the presence 
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of nitrates in drinking water recently. The maximum permissible concentration 

limit of nitrate nitrogen (NO3-N) fixed by the World Health Organization 

(WHO) is 10 mg/L (Anni et al., 2015). Ammonia has an indispensable role in 

the biosynthesis of purines, pyrimidines, and non-essential amino acids. 

Ammonia induces toxic effect on healthy humans if the concentration of 

intake exceeds the detoxification capacity (Haiming et al., 2010). The 

influences in metabolism, decreasing the tissue sensitivity to insulin, lung 

edema, nervous system dysfunction, kidney damage, acidosis, and upsetting 

the glucose tolerance are the health issues associated with ammonia nitrogen. 

The ammonia nitrogen (NH4
+
-N) concentration in a range of 0.2-0.5 mg/L is 

lethal to fish and other aquatic animals (Aref. et al. 2018). In India, CPCB has 

set a stringent restriction for the discharge standard of ammonia nitrogen as 

1.2 mg/L or less for class D water in the propagation of wildlife and fisheries. 

These facts pinpoint the necessity of the development of an efficient method 

for removing nitrogen contaminants from wastewater. Physico chemical 

properties of nitrogen and its compounds has given in Table 

1.1(www.google.com) 

 

Table 1.1  Physico chemical properties of nitrogen and its compounds 

Property Nitrogen KNO2 KNO3 NH4Cl HNO3 

Melting Point (o C) -210 440 334 338 -42 

Boiling Point (o C) -196 537 440 520 83 

Solubility in water(g/L) soluble soluble soluble soluble soluble 

Density (g/cm3) 1.25(00C) 1.915 2.109 1.52 1.51 

Heat Capacity,  J/mol K 30 107.4 95.06 84.1 146 
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1.4  METHODS FOR TECHNOLOGICAL REMOVAL OF NITRATE 

NITROGEN AND AMMONIA NITROGEN 

Researchers have developed a number of methods for the remediation of 

nitrogen contaminants such as electrodialysis, ion exchange, biological 

denitrification, ozonation, reverse osmosis, membrane separation, coagulation, 

flocculation, and adsorption (David et al., 2011; Shady et al., 2012). Of the 

various methods, adsorption is found to be a promising process because of its 

simplicity and low operational cost. The adsorption process exploits the ability 

of certain solids to take up specific substances from solution onto their surface 

(Amit et al., 2011). Minimum sludge production reduces the disposal effort. 

Adsorption is found more suitable in water treatment systems. The simple 

handling of the system and effective contaminant removal are the peculiarities 

attributed to adsorption. The easy restoration of adsorbents could reduce 

operational costs. The property of selectivity in the presence of other ions 

could be utilized in the adsorption process.  The impurities from wastewater  

get adhered on the surface of the material by van der Waals force 

(physisorption) or chemical bonds (chemisorption). Adsorbents are the critical 

factors in adsorption operation. 

 

1.5  ADSORPTION AND ADSORBENTS 

Adsorption is a surface phenomenon in which specific components of a 

gaseous or liquid phase are selectively transferred to the surface of a solid 

material. The particular element from the aqueous medium will form bonds 

with the solid and become attached to its surface. The ions or molecules which 

get deposited are called the adsorbate. The material whose surface receives 

adsorbate molecules is known as adsorbent. Adsorption is also known as a 

separation process because we are separating the desired or undesired 

(contaminants) particles into the adsorbent surface. The high temperatures 
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rarely support the adsorption process. So generally, adsorption is an 

exothermic process. The enthalpy change is negative for exothermic processes 

Generally, with gas molecules adsorbed in the surface of the solid, the entropy 

goes down. However in solid–liquid adsorption system, solute adsorption 

process and solvent desorbing process works simultaneously. So there is a 

chance of occurrence of positive entropy change. The positive value of 

entropy change is due to the increase in the degree of randomness of the 

molecules near the adsorbent surface during adsorption (Arshadi, et al., 2015). 

The endothermic adsorption is sometimes seen in chemisorption. The change 

in enthalpy value is positive in an endothermic reaction. An increase in 

temperature might be favoring the chemical bonding in such a case. At 

constant pressure, the adsorption is a spontaneous process, and free energy 

decreases during adsorption. The negative value of change in free energy is 

attributed to a favorable adsorption process. The method of detaching the 

adsorbed molecules from the surface of the adsorbent is called desorption. 

 

The parameters which influence the batch adsorption process are the 

changes in the solution pH, initial solution concentration, time of contact, 

agitation speed, adsorbent dosage, temperature, and pressure. The optimum 

values of the variables for obtaining maximum elimination of the desired 

constituent are estimated in the batch study. The optimization of the batch 

process can be carried with the appropriate software. In the present work, 

Minitab software has been used for this purpose. Box Behnken design of 

response surface methodology (RSM) has been used for the optimization of 

the batch adsorption process. Response surface methodology is a statistical 

method that helps to enumerate the significance of the effects of different 

variables on the response of interest of the particular process (Soumasree 

et al., 2012). In RSM, firstly, the batch adsorption experiments are carried out 
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according to the design of experiments assigned by Box Behnken design.  The 

advantage of BBD is that it does not contain combinations which all factors 

are simultaneously at their highest or lowest levels. The model equation is 

developed, and the estimation of coefficients is done. Finally, the response 

prediction and checking the sufficiency of the model are made. 

 

The elementary information of the adsorption process is obtained from 

the batch study. The long duration of time consumed, the requirement of high 

adsorbent dosage, and the small capacity are the main limitations of the batch 

study. Continuous processes are preferred for large scale operations. The 

extended operating period and capacity for handling of a high volume of 

aqueous solution can be achieved only in continuous packed column 

operation. The continuous column operation is cost-effective, and proper 

control of the adsorption process is possible compared to the batch adsorption 

(Emine and Yasar , 2006). The adsorbent material is packed in an appropriate 

column, and the wastewater to be treated is passed through the column either 

in up-flow or down flow mode. The solutes get adsorbed onto the adsorbent 

packing during the operation. The solution leaving the column is analysed for 

the residual ions. The bed heights of the adsorbent and flow rate of the 

solution through the column are the two crucial packed column parameters. A 

plot of the output solute concentration against time is called the breakthrough 

curve. The shape of the breakthrough curve is an essential factor that 

determines the time of operation of the fixed bed column. The column can be 

modelled by fitting the experimental data to empirical models like Thomas 

model, Yoon Nelson model, and Adam Bohart model. The regeneration of the 

bed is done by passing a suitable desorbing solution through the column.  
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Adsorbents are the determining factors in the adsorption process. 

Previous researchers have used several adsorbents like activated carbon 

(Azhar et al., 2010), ion exchange resins (Chabani et al., 2009), clays 

(Deepesh et al., 2012), metal oxides (Diana  et al., 2015), nanomaterials (Yu-

Hoon et al., 2011; Bekhradinassab and Sabbaghi et al., 2014), agricultural 

wastes (Ari  et al., 2012; Xing Xu et al., 2012), industrial wastes (Asim 

et al., 2013; Zukhra. et al., 2015), biosorbents (Bing et al., 2015; Zuohao 

et al., 2011; Haiwei et al., 2010) and modified chitosan (Yian  et al., 2012; 

Sudipta et al., 2009) for the removal of nitrate nitrogen and ammonia 

nitrogen. Recently the synthesis of environmentally benign bio 

nanocomposite adsorbents is gaining attention. The higher adsorption 

capacity of nanomaterials as adsorbents is attributed to their large surface area 

and pore size distribution.  

 

1.6  SCOPE OF THE STUDY 

The proper treatment and reuse of wastewater are the primary 

objectives of wastewater engineering. The treatment objective in the removal 

of nutrients, such as nitrogen and phosphorous began to be addressed from the 

early 1970s to 1980s. Water quality issues arise when higher amounts of 

untreated wastewater are discharged to streams that are ultimately used as 

sources of drinking water. The wastewater management system is carefully 

assessing the health and environment effects due to improper treatment and 

discharge into water bodies. The essential steps in the wastewater treatment 

system include preliminary treatment, primary treatment, advanced primary 

treatment, secondary treatment, secondary treatment with nutrient removal, 

tertiary treatment and advanced treatment. Preliminary treatment involves the 

removal of coarse and suspended solids like rags, sticks, floatables, grit and 
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grease by screening. This is done by passing the wastewater through grit 

chambers and equalization chambers. Primary treatment consists of the use of 

primary clarifiers for the removal of suspended solids and organic matter that 

are not removed during the preliminary treatment. The advanced primary 

treatment uses chemical addition or filtration for the enhanced removal of 

suspended solids and organic matters from water. Secondary treatment 

involves unit processes and is meant for the treatment of water by either 

aerobic or anaerobic methods in the presence of microorganisms. During the 

secondary treatment, removal of organic matters, suspended solids and 

disinfection are done. The elimination of the nutrient is carried out both in the 

secondary treatment with the nutrient removal process and in the tertiary 

treatment (Arcadio and Gregoria, 2011). The uptake of dissolved and 

suspended materials remaining after biological treatment is removed in 

advanced wastewater treatment systems. 

 

The adsorption process is usually installed in a tertiary treatment 

system in a wastewater treatment plant. Tertiary treatment is meant for the 

final treatment of wastewater, which contains traces of impurities that are not 

removed during the secondary treatment and disinfection of water 

(Tchobanoglous et al., 2003). The nutrients in trace amounts could be treated 

during tertiary treatment by adsorption onto suitable materials. The quality of 

water needs to be ensured before recycling and reuse. Compared to other 

conventional tertiary treatment methods, adsorption is more commonly used 

these days due to its efficacy and low cost. The environmental friendly 

adsorbent material with high removal capacity adds proficiency to the 

adsorption process. 
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 Adsorption using nano biosorbents is a relevant technology since the 

concept of sustainable green technology is achieved (Abdolali,  et al., 2014). 

The utilization of waste materials and the immense potential of nanomaterials 

have been used together in forming nano biosorbents. Nanoadsorbents are 

highly efficient when compared to conventional adsorbents due to their small 

size, high surface area, and pore size distribution. The problem encountered 

with nanoscale iron particles is corrosion and deposition on reactor wall. This 

drawback can be reduced if we can support them on insoluble solid supports 

with chemical and thermal stability. In this study, the biomaterial nutmeg 

(Myristicafragrans) shell powder is used to prepare chitosan supported 

nanoscale iron particles (Fe-CH-NSP). The antioxidant, tannic acid present in 

nutmeg, which is a polyphenol derivative acts as a reducing and stabilizing 

agent (Henam and Thiyam , 2016). The performance of synthesized Fe-CH-

NSP on nitrate removal has been investigated. Chitosan is a biopolymer with 

highly reactive hydroxyl and amino groups (Appunni and Sankaran, 2013). A 

composite (CH-B-NCF)  in the form of films was synthesized with chitosan 

and bentonite nanoclay. The synthesis of films requires only acetic acid as the 

dissolving agent. No other harsh chemicals were used for preparing 

nanocomposite films. The difficulty and economic loss in the handling of very 

small size nanoparticles were overcome in film forms. This nanocomposite 

film was used in the batch study for the removal of both nitrate nitrogen and 

ammonia nitrogen from the aqueous medium. The fixed-bed column 

adsorption performance for nitrate-nitrogen with chitosan bentonite 

nanocomposite films has also been investigated in this study. 

 

1.7  OBJECTIVES OF THE CURRENT WORK 

The main objective of the present work is to develop an appropriate 

nano biossorbent for the removal of nitrate nitrogen and ammonia nitrogen 
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from aqueous solution. Batch experiments are proposed to be performed using 

Fe loaded chitosan nutmeg shell powder (Fe-CH-NSP) and chitosan-bentonite 

nanocomposite films (CH-B-NCF) to analyze the effect of various parameters 

on adsorption. An appropriate continuous fixed bed column has to be 

developed in order to overcome the limitations of batch study. Suitable solvent 

for desorption of the adsorbent is also to be determined. A detailed review of 

the relevant literature has been carried out and presented in Chapter 2. The 

objective and methodology of the current work were finalized based on the 

gaps and led recognized from the literature review. The main objectives of the 

present study are 

 To synthesize chitosan-bentonite nanoclay film composite 

 To synthesize Fe-loaded chitosan nutmeg shell powder by the activation 

of nutmeg shell powder using chitosan, FeCl2, FeCl3, and NaOH 

solutions 

 To assess the efficiency of adsorbents by performing batch adsorption 

experiments. 

 To estimate the isotherm parameters of Fe-CH-NSP and chitosan 

bentonite nanocomposite films 

 To model the batch equilibrium adsorption data using Langmuir, 

Freundlich, Tempkin and Dubinin- Radushkevich (D-R) isotherm 

models. 

 To determine the adsorption kinetics of Fe-CH-NSP and CH-B-NCF.  

 To model batch adsorption kinetic data using pseudo-first-order, second 

order, pseudo-second-order, Weber Morris intraparticle diffusion model 

and Dunwald-Wagner film diffusion model. 

 To study the thermodynamics  of Fe-CH-NSP and chitosan-bentonite 

nanocomposite films as adsorbents. 
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 To develop a suitable method to recover and reuse the nanocomposite 

films so that the adsorbent becomes cost-effective. 

 To design and fabricate a fixed-bed adsorption column for NO3-N 

removal using chitosan-bentonite nanocomposite films 

 To investigate the effects of bed height and flow rate on the 

breakthrough performance of the NO3-N column using chitosan-

bentonite nanocomposite films 

 To model the NO3-N column adsorption data using the pragmatic 

models of Thomas, Yoon Nelson and Adam Bohart. 

 

1.8  OUTLINE OF THE THESIS 

 This work mainly investigates the adsorption of nitrate nitrogen and 

ammonia nitrogen onto nano biosorbents. The synthesis and characterization 

of two novel adsorbents, Fe-CH-NSP and chitosan-bentonite nanocomposite 

films have been carried out. The removal efficiency of Fe-CH-NSP 

concerning nitrate nitrogen has been analyzed. A detailed study on removal 

and adsorption capacity of chitosan-bentonite nanocomposite films on nitrate-

nitrogen and ammonia nitrogen has been carried out. Considering the risk of 

exiting the adsorbent with the flow, chitosan-bentonite nanocomposites films 

were selected in the continuous packed bed adsorption column for NO3-N 

removal. This thesis is organized into five chapters. 

 

In Chapter 1, the introduction to the sources of various nitrogen 

contaminants in water has been explained. The adverse effects of nitrogen 

contamination and its treatment methods are clearly stated. The advantages of 

adsorption when compared to the other methods and the use of nano 

biosorbents in adsorptive removal of nitrate-nitrogen and ammonia nitrogen 
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are highlighted in this chapter. The scope and objectives of the study have 

been set out. 

In Chapter 2, a detailed literature survey on adsorption, various 

adsorbents for nitrate nitrogen and ammonia nitrogen removal, factors 

affecting adsorption, kinetics, thermodynamics, isotherm, and desorption 

study for adsorbent reuse are included. Literature review on a continuous 

packed bed adsorption column for the removal of nitrate-nitrogen in aqueous 

solution is also described in this chapter. Literature review on laboratory 

synthesis of nano biosorbents is also included. 

 

Chapter 3 describes the different materials used and the methodology 

adopted in the present study for the removal of nitrate nitrogen and ammonia 

nitrogen from aqueous solution by adsorption. Methods for the synthesis of 

nano biosorbents, batch adsorption tests performed in this work, continuous 

packed bed column fabrication and operation for NO3-N removal, models used 

for batch and continuous experiments, equipment used for analysis, and 

characterization of the synthesized adsorbents are explained in this chapter. 

The results obtained from the batch and continuous adsorption tests for NO3-N 

and NH4
+
-N removal are presented in Chapter 4. Characterization of 

adsorbents, optimization, modeling, validation of batch results by RSM and 

modeling of NO3-N column are presented in this chapter.  

 

The summary and conclusions of the present study are included in 

Chapter 5 of the thesis. This is followed by the scope for future work and the 

limitations of the work. The references cited in the thesis are listed in the next 

section. An annexure containing calibration curves and experimental results of 

batch and continuous studies is added after the references. 

……..…….. 
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CHAPTER 2 

LITERATURE REVIEW  

 

2.1  INTRODUCTION 

The quality improvement and preservation of water and water 

resources need the utmost importance in the present world. The water 

resources in the world are facing the severe threat of contamination problems 

due to human-made industrial and agricultural activities. Environmental 

engineers are developing methods to protect the environment by developing 

technical methods. The awareness about the constituents in water and 

maximum concentration level to be present is needed. Know-how of the 

environmental and health impacts with the toxic components is essential. 

Manufacturing is a crucial requirement for the augmentation of human society. 

The intensive expansion of agriculture and the application of chemicals led to 

the contamination of many natural water reservoirs and groundwater with 

nitrogen compounds. The high solubility of nitrogenous compounds caused its 

natural leaching. Finally, they end up in water resources like rivers, lakes, 

wells, and groundwater. Eutrophication of water bodies, depletion of much of 

dissolved oxygen affects the aquatic life. The nitrogen contaminants induce 

various health issues for both human beings and animals. In the current 

scenario, the development of innovative technologies for the remediation of 

water contamination by nitrogen contaminants is necessary. 

 

2.2  SOURCES OF NITROGEN CONTAMINANTS 

Nitrogen is the lightest member of the 15
th

 group in the periodic table. 

Nitrogen is present in the amino acids, nucleic acids, and adenosine 

triphosphate in all organisms. About 3% nitrogen by mass is seen in the 
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human body. Nitrogen got its name due to the reason that it is present in nitric 

acid and nitrates. The industrially significant compounds like ammonia, nitric 

acid, nitrates, and cyanides contain nitrogen. Nitrate is a stable, highly soluble 

ion that belongs to the class of inorganic chemicals. It is termed as oxo-anions, 

which include arsenate, bromate, chlorate, perchlorate, selenate, tungstate, and 

phosphate (Gruber and Galloway 2008) . 

 

Nitrogen is a necessary element for all living organisms, but high 

concentrations of the nitrogen-containing compounds, including ammonia, 

nitrate, and nitrite, are often found in drinking water and various types of 

wastewater and become detrimental to all creatures (Camargo and Alonso, 

2006). Sources of these compounds can be attributed to the improper treatment 

of industrial wastewater and the extensive use of nitrogen fertilizers (Wen et 

al., 2016). The propellants and explosive industry uses nitrates and contribute 

to nitrogen contamination. Xing et al., 2012 reported that atmospheric 

deposition from nitrogen oxide emission causes an increase in nitrogen 

pollution. Yanhui et al., 2011, reported that nitrogen pollution is the 

consequence of the use of nitrogen-containing fertilizers. Animal wastes, 

septic system irrigation, and storm runoffs from farmlands are the sources of 

nitrogen contaminants (Yinghua et al., 2011). The use of explosives in mining 

results in nitrate emissions. Changes in land-use patterns from field to arable 

crops and increased recycling of domestic wastewater in plain rivers causes’ 

nutrient containing water (Hualin et al., 2013). The nitrogen is a significant 

constituent in a pharmacological drug class, including antibiotics, and hence 

wastewater from the pharmaceutical industry also contributes to nitrogenous 

wastes. 
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Ammonia is used in both fertilizer and animal feed production. It is 

used in the production of fibres, plastics, explosives, paper, and rubber. In 

metal processing, ammonia is used as a coolant. It is used as a starting product 

for many nitrogen-containing compounds. Ammonia and ammonium salts are 

widely used in cleansing agents. It is also used as food additives and as a 

diuretic (Hazardous Substances Data Bank, 1990). Ammonia is an essential 

metabolite in mammals. Ammonia has a vital function in the biosynthesis of 

purines, pyrimidines, and non-essential amino acids. The role of acid-base 

regulation is made by ammonium. The ammonia is formed in the body by the 

deamination of amino acids in the liver and as a metabolite in nerve excitation 

and muscular activities. The enzymatic breakdown of food components in the 

gastrointestinal tract with the help of bacterial flora also produces ammonia. 

Municipal sewage treatment plants, use of fertilizers in agriculture, livestock 

& poultry farms, petrochemical industries, and landfills generate high-strength 

ammonia nitrogen (NH4
+
-N) wastewaters (Aref et al., 2018). The effluent 

from aquaculture activities also a source of ammonia nitrogen (Kairan et al., 

2012). Ammonia-nitrogen end up to the water stream from industries like 

steel, refining, fertilizer, inorganic chemicals, ferroalloy, glass, meat 

processing, and feed production. 

 

2.3   IMPACTS OF NITROGEN 

Nitrogen contamination causes an increasingly ubiquitous issue 

worldwide, affecting the quality of drinking water, the ecology, and the value 

of the aquatic ecosystems. The nitrate leaching in the surface water is 

commonly considered as the cause of water quality deterioration. (Dongjin et 

al., 2009). Because of the interaction between surface and groundwater, high 

loads of nitrogen compounds in surface water caused groundwater pollution 

(Bekhradinassab and Sabbaghi, 2014). Eutrophication of water bodies is 
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attributed to the increased amounts of nutrients like ammonia, nitrates, and 

phosphates in water resources. Eutrophication is otherwise also known as 

hypertrophication. The excessive growth of algae happens when a water body 

is overly enriched with nutrients and minerals. The oxygen depletion of the 

water body affects all lives which benefit from water. The increase of 

phytoplankton in water bodies due to the high amount of nutrients is termed as 

an algal bloom. The severe environmental problem is a consequence of the 

excessive release of both organic and inorganic nitrogen species (Engracia et 

al., 2011). 

 

The epidemiological researchers have found a prominent risk of 

cancer, undesirable birth outcomes, and other health impact associated with 

the presence of nitrate in drinking water. The risk of non-Hodgkin's lymphoma 

due to nitrates was reported by Ward et al., 1996. Other health risks due to 

nitrate pollution are methemoglobinemia (Dong-Wan et al., 2011) and 

bladder, ovarian, or gastric cancers to humans (Weyer et al., 2001). The 

formation of carcinogenic nitrosamines is taken place when nitrates or nitrites 

enter into the human body. Strongly acidic medium and high temperature are 

the favorable conditions for the formation of nitrosamines from nitrates and 

secondary amines. Under acidic conditions in the human stomach, the nitrites 

form nitrous acid (HNO2). It is protonated and splits into NO+, the 

nitrosonium cation. 

 

The reaction is as follows: 

H2NO
+
 → H2O+ NO

+
    (2.1) 

 

The nitrosonium ion reacts with an amine form nitrosamines. Frying of 

food items at high temperatures causes the formation of nitrosamines. Three 
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hundred nitrosamine compounds were tested, and 90 % of them were deemed 

to be carcinogenic in experimental animals.  

 

The ingestion of high nitrate through drinking water or plants may 

result in acute poisoning in cattle within 0.5 h to 4 h. The cattle found regular 

one day and found dead the next day. The symptom of salivation followed by 

recurrent urination is first seen. Then the animals exhibit respiratory problems 

and chocolate brown colored blood and mucous membrane are seen. The 

immediate abortion could be seen in pregnant cattle with an intake of higher 

levels of nitrates (Amit and Mika,  2011). 

 

These health effects are often found at drinking water nitrate 

concentrations significantly lower than the level associated with 

methemoglobinemia. The methemoglobinemia or blue-baby syndrome is a 

life-threatening condition due to oxygen deprivation. The U.S. drinking water 

standard for nitrate of 10 mg/ L nitrate (as nitrogen) was first set in 1962 to 

protect against methemoglobinemia. The Canadian legal limit for nitrate in 

drinking water is equivalent to the U.S. standard, and the European standard is 

comparable, allowing up to 50 mg/L of nitrate as nitrate, which is equivalent 

to11.3 mg/L nitrate as nitrogen. The World Health Organization (WHO) has 

set the maximum contaminant level (MCL) in drinking water for nitrate as 10 

mg N /L (Antonio et al., 2010). The US environmental protection agency 

(USEPA) has set maximum contaminant levels of 10 mg/L and 1mg/L for 

nitrate-nitrogen(NO3-N) and nitrite nitrogen (NO2-N), respectively (USEPA, 

2016). 

2.4  METHODS OF NITROGEN REMOVAL 

Nitrogen compounds at high concentrations cause both water pollution 

and air pollution, and they affect all forms of life. These pollutants should be 
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removed from effluent water before discharging into the water bodies to 

protect the people and environment. There are various methods for the 

removal of these pollutants so that they can be maintained within the 

permissible limits prescribed by legislation. Several methods for removal of 

nitrate nitrogen and ammonia nitrogen have been reported. The advantages 

and disadvantages of various methods for nitrates and ammonium removal 

have been discussed in detail in the following section. 

 

2.4.1  Denitrification 

The microbial reduction of nitrates to molecular nitrogen through a 

series of intermediate gaseous nitrogen oxide products is called biological 

denitrification (Malgorzata et al., 2006). The gaseous product is primarily 

nitrogen gas, but it may also be the nitrous oxide or nitric oxide. 

Pseudomonas, Micrococcus, Archromobacter, Thiobacillus, and Bacillus are 

the different kinds of bacteria usually used for biological denitrification. In 

water treatment processes, organic compounds methanol, methane, glucose are 

used as carbon sources. Chemical denitrification includes the use of metals for 

the reduction of nitrates to dinitrogen. The challenge in chemical 

denitrification is the difficulty in stopping the reduction at molecular nitrogen. 

The metals used are zinc, iron, chromium, tin, aluminium, cadmium, and lead. 

 

The treatment of groundwater contaminated with nitrate was done in 

two stages biological and coagulation systems (Pudukadu et al., 2007). The 

biological treatment was performed with the nitrate-degrading 

bacteria Pseudomonas sp. R-7. The effect of carbon sources on nitrate removal 

was studied, and starch at 1% was found to be most effective. Chemical 

coagulants like alum, lime, and poly aluminium chloride were tested for the 

further removal of nitrate. Lime at 150 mg/L exhibited the highest nitrate 
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removal efficiency among the coagulants, with complete disappearance for the 

mineral salt medium solutions. 

 

The use of biodegradable polymers as carbon source and biofilm 

carrier for denitrifying microorganisms has been reviewed by Jianlong and 

Libing (2016).Woodchips, sawdust, straw, cotton, maize cobs, seaweed, 

polyhydroxy alkanoate, polylactic acid, are the materials usually used for 

denitrification The excellent performance, low cost and abundant availability 

make them selective. It is also reported that the denitrifiers used in solid-phase 

denitrification are commonly from the family Comamonadaceae, 

Diaphorobacter, and Simplicispira. The future perspectives of the 

simultaneous removal of nitrate and toxic organic contaminants by solid-phase 

denitrification have also been explained. 

 

The feasibility of zero-valent magnesium for removal of nitrate from 

aqueous solution, was carried out by Kumar  and Chakrabarty  (2006). They 

found that 84 % denitrification efficiency was achieved at Mg to nitrate molar 

ratio of 5:8. Optimum pH was 2, and the reactions were first order. The 

activation energy of the chemical denitrification process over the temperature 

range of 10-50
0
C was observed as 17.7 kJ/mol. 

 

Huang and Zhang (2004) investigated the effect of pH on nitrate 

reduction by iron powder. The low pH of 2 to 4.5 was found favorable. The 

main two impacts of pH on the kinetics of nitrate reduction are found as H
+ 

ions participation in the redox reaction of nitrate reduction following first-

order kinetics, and H
+
 ions affect the nitrate adsorption onto reactive sites. 

 

Shahin et al., 2009 used palm shell activated carbon for nitrate 

remediation in a novel upflow bio-electrochemical reactor (UBER). This study 
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investigated the biological denitrification method, which is a treatment method 

able to reduce inorganic nitrate compounds to harmless nitrogen gas. The 

upflow bio-electrochemical reactor was used to lodge the hydrogenotrophic 

denitrifying bacteria. The palm shell granular activated carbon was used as the 

bio carrier and cathode material. Results showed that nitrate could be entirely 

reduced with the application of a wide operational range of electric current 

(10–16 mA) as well as HRT (13.5–30 h). However, an increase of pH at 

cathode zone up to 10.5 inhibited nitrite reductions, and it was not reduced to 

the satisfactory level. 

 

Yuansheng et al., 2010, investigated the nitrate removal by microbial 

enhancement in a riparian wetland. The effect of the addition of Bacillus 

subtilis FY99-01 for nitrate removal in riparian wetland built in a river bend 

was studied. The removal efficiency was found significant in the summer than 

in the winter owing to integrated hydraulic, microbial, and environmental 

effects. The maximal nitrate removal and the mean nitrate loss rate in the 

riperarian wetland were 36.1% and 50.5 g/m
2
 /yr, respectively. 

 

2.4.2  Ion Exchange 

Ion exchangers have high treatment capacity, high removal efficiency, 

and fast kinetics. Ion exchangers are classified as cationic and anionic 

exchangers which contain synthetic resins for the exchange of specific ions. 

Synthetic resins are commonly used for the removal of inorganic contaminants 

from wastewater. The resins are eluted to recover the ions and reused. The ion 

exchange method possesses high nitrates ammonia nitrogen removal rate, but 

post-treatment is required due to the corrosively of product water. Also, the 

ion exchange process involves waste brine disposal. 
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Adsorption kinetics of nitrate ions on a macroporous anion exchange 

resin, IND NSSR resin, was investigated by Hekmatzadeh et al., 2013. It was 

observed in kinetic modeling that the pseudo-first and second-order models 

describe the experimental kinetic data adequately. The performance of the ion-

exchange column was evaluated using the particle diffusion model in 

conjunction with a mass balance equation. It was found that mathematical 

equations reproduced the experimental breakthrough data very well. 

 

Zhongmin and Ting (2015) studied the removal of ammonium ions 

with a novel hybrid polymeric sorbent loaded with copper oxide 

microparticles within the cation exchanger. The adsorption data agreed well 

with the pseudo-second-order model and the Langmuir model. Removal of 

low-concentration ammonium (1.0–10 mg/ L) was investigated in fixed-bed 

column runs, and dynamic breakthrough data were found to follow the 

Thomas model. It is also observed that the exhausted cation exchanger can be 

repeatedly utilized after regeneration by NaOH solution. 

 

Novel anion exchangers were prepared from different plant parts, pine 

sawdust and bark, spruce, bark, birch for the removal of nitrate nitrogen by 

Anni Kerranen et al., 2013. Epichlorohydrin, ethylenediamine, and 

triethylamine in the presence of N, N-dimethyl formamide was used for 

chemical modification. Modified pine sawdust exhibited the best nitrate 

removal efficiency. Nitrate nitrogen of 80% was removed at doses of 43 g/L 

with a nitrate concentration of 30 mg/L. The column test with modified pine 

sawdust was performed, where it maintained its ion exchangeability for five 

ion-exchange cycles, with successful desorption cycles. 
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2.4.3  Reverse Osmosis 

The application of reverse osmosis for water denitrification and 

desalination was investigated by Schoeman and Steyn (2003). The 

concentration of nitrate-nitrogen in the RO feed was 42.5 mg/L. The reduction 

of NO3-N to 0.9 mg/L was obtained in the RO product water. Also, the total 

dissolved solids were found to reduce from 1292 mg/L to 24 mg/L in the 

reverse osmosis permeate.  

 

Antonio et al., 2005 studied the behavior of cellulose acetate 

membranes in the treatment of ammonia nitrogen from aqueous solution by 

reverse osmosis. Ammonium concentrations between 0.055 kg/m
3
 and 9.545 

kg/m
3 

were treated. A simulation model described for a semi-batch, and the 

unsteady-state system was applied, and the solution diffusion approach was 

used by the model to depict the mass transfer through the membrane. 

 

2.4.4  Electrodialysis 

Electrodialysis is a membrane process. The transportation of ions from 

one solution to another solution through a semipermeable membrane in the 

presence of an electric field is taking place. Two electrodes are present in the 

electrodialysis unit in which an electric field is applied. The membranes are 

ion exchange resins that are selective in transporting positive or negative ions. 

High removal of nitrates and ammonium ions are accomplished in this 

process, but it requires high capital and operating cost. Another drawback of 

electrodialysis is that membranes are fouled frequently.  

 

Xiaolin et al., 2015 developed an integrated process of electrodialysis 

with struvite reactor for the simultaneous removal and phosphate from 

wastewater. They found that during the single electrodialysis process efficient 
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to remove the ammonium ions. The X-ray diffractogram confirmed the 

formation of struvite from the wastes. 

 

The removal of inorganic trace contaminants from real brackish 

groundwater using electrodialysis was investigated by Cristina et al., 2017. It 

is found that the removal of bromide, chloride, fluoride, and nitrate was pH-

independent. The results of the study showed that although electrodialysis is 

useful in the removal of contaminants from real waters, membrane scaling is a 

problem in considering its long-term practical applicability. 

 

2.4.5  Adsorption 

The predictable consideration of the adsorption process in recent 

periods is due to its higher efficiency, economical consumption, and 

simplicity. Adsorption technology has been found successful in removing 

various types of contaminants, including nitrate nitrogen and ammonia 

nitrogen (Amit and Mika 2011). Surface energy is responsible for adsorption. 

In the interior surface of an adsorbent, all the bonding requirements of the 

atoms are filled by other atoms. But, on the surface, the atoms are not fully 

surrounded by other atoms, and therefore, adsorbates can be bonded on the 

surface of adsorbents. Physical adsorption is a reversible process. The 

adsorbed contaminant can be desorbed, and the application of proper solvents 

can reuse the adsorbent. Adsorption can be carried out for higher capacity 

operations in a continuous column. In water treatment operations, adsorption 

is widely used due to its simplicity and ease of operation, less initial 

investment, free from or less generation of toxic substances, and less 

production of sludge. 
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Low-cost adsorbents for the removal of organic pollutants from 

wastewater were studied by Imran et al., 2012. The adsorption of organic 

pollutants on a number of low-cost adsorbents have been carried out. Fruit 

wastes, coconut shells, tannin-rich materials, sawdust, rice husk, and other 

wood type materials are some examples. Plant bark, fruit wastes and 

agricultural wastes are tannin rich. Petroleum wastes, fertilizer wastes, fly ash, 

scrap tyres, sugar industry wastes and blast furnace slag are examples for 

industrial waste used as adsorbents. The use of chitosan, and seafood 

processing wastes, seaweed, and algae, peat moss, clays, red mud, zeolites, 

sediment and soil, ore minerals as adsorbents is also found out. The results of 

adsorption proved that these adsorbents after proper activation could remove 

80-99.9% organic pollutants. The discussion on the conversion of waste 

products into effective adsorbents and their application for water treatment 

have described in detail. The future perspectives of low-cost adsorbents in 

water treatment are also represented. 

 

The micro-particles of dried Withania frutescens plant was developed 

as an adsorbent for nitrates, phosphate and metallic elements by Mohamed et 

al., 2012. The adsorption was done in two real wastewaters, municipal and 

industrial wastewaters and found that adsorption increased with increasing 

contact time.   

 

Rangabhashiyam et al., 2014 studied the use of biosorbents in the 

adsorption technology. The biosorbents are naturally occuring, abundant, 

renewable, biodegradable and has economic features. It is reported that 

adsorption isotherm equations used to describe the experimental data and the 

thermodynamic assumptions of the models often provide a few insights into 

the sorption mechanism, the surface properties and affinity of the biosorbents 
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towards the pollutants. Table 2.1 depicts advantages and disadvantages of 

different methods for nitrate removal. 

 

Table 2.1 Advantages and disadvantages of common technologies for 

nitrate removal from wastewater sources (Reproduced from 

Amit and Mika, 2011). 

 

Process Advantages Disadvantages 

Adorption 

Medium operational 

cost 

Efficiency depends 

on adsorbents 

Post treatment is not 

often required 

Saturated spent adsorbent disposal 

pH and temperature influence are 

important. 

Reverse 

Osmosis 

pH and temperature 

influence are not 

significant 

Efficiency of >95% 

can be achieved 

Requires high TDS disposal 

Post-treatment is required due to 

corrosivity of product water 

High operational cost 

Chemical 

methods 

No waste disposal is 

required 

Post-treatment is required for by-

products 

pH and temperature influence are 

important 

High operational cost 

Max reported efficiency 60-70 % 

Table 2.1  Continued… 
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Ion Exchange 

pH and temperature 

influence are not 

important 

Medium operational 

cost 

Approximately 90% 

can be achieved 

 

Requires waste brine disposal. 

Post-treatment is required due to 

corrosivity of product water 

 

Biological 

methods 

Medium operational 

cost 

>99% efficiency can 

be achieved 

 

Requires biomass waste disposal. 

Temperature influence 

areimportant.Post-treatment is 

required due to microorganisms 

 

Electridialysis 

High removal of 

nitrate and ammonia 

nitrogen 

High capital cost 

Frequent fouling of memranes in 

considering long term practical 

applicability 

 

2.5    LITERATURE REVIEW ON ADSORPTION AND 

ADSORBENTS 

Adsorption is a separation process in which specific components of a 

gaseous or liquid phase are selectively transferred to the surface of a solid 

adsorbent. Surface energy is responsible for adsorption. In the interior surface 

of an adsorbent, all the bonding requirements of the atoms are filled by other 

atoms. But, on the surface, the atoms are not fully surrounded by other atoms, 

and therefore adsorbates can be bonded on the surface of adsorbents. There are 

two types of adsorption, physical and chemical. Physical adsorption takes 
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place due to the action of van der Waals forces. There is no reaction between 

adsorbent and adsorbate in physical adsorption, and forces present in this type 

are weak. The change in the chemical form of the adsorbate takes place due to 

a reaction between the adsorbate and adsorbent in chemical adsorption. 

(Haiwei et al., 2010 c). The forces of attraction between adsorbate and 

adsorbent are strong, and they cannot be reversed. 

 

When the porous surface of a specific solid is exposed to a liquid, the 

specific component from the liquid will form bonds with the solid and become 

attached to the solid surface. Adsorption is a cheap and effective method for 

wastewater treatment. Adsorption is extremely useful for low concentrations 

of contaminants. Adsorption also possesses advantages like availability, 

profitability, ease of operation, and efficiency. Adsorption is also a reversible 

process. Adsorption can be carried out for higher capacity operations in a 

continuous column. In water treatment operations, adsorption is widely used 

due to its simplicity and ease of operation, less initial investment, free from or 

less generation of toxic substances, and less production of sludge. 

 

2.5.1.  Chitosan-Based Adsorbents 

Chitosan is a naturally occurring polysaccharide material next to 

cellulose. Several studies have been conducted using chitosan and chitosan 

composites for wastewater treatment. The product of the deacetylation of 

chitin results in the formation of chitosan. Chitosan is primarily composed of 

 41  linked 2-amino 2-deoxy D-gluco pyranose units. Chitosan possesses 

excellent adsorption capacity. It also possesses high hydrophilicity, a large 

number of surface hydroxyl and amino groups. Chitosan is biocompatible, 

biodegradable, and less toxic. Chitosan has received more attention due to its 

high adsorption efficiency, bi-functionality, ease of handling, and low cost. It 
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is found suitable for the removal of dyes, heavy metal ions, organic and 

inorganic pollutants due to the presence of high content of amino (-NH2) and 

hydroxyl (-OH) groups present. Fig 2.1 represents the structure of chitosan. 

.  

Fig. 2.1 Structure of chitosan 

 

Amit and Mika (2009) reported the applications of chitin and chitosan 

derivatives for the removal of metal cations and anions, radionuclides, dyes, 

phenolic compounds, different types of anions and different pollutants from 

wastewater. Batch studies were analyzed for studying the various adsorption 

mechanisms. The study showed that chitosan-based adsorbent possesses high 

potential for detoxifying water and wastewater. 

 

The raw chitosan has shown reduced adsorption capacity towards the 

removal of phosphate and nitrate due to the absence of positive sites. So 

several chemical modification methods, such as functionalization, grafting, 

cross-linking, composite blend forms, metal loading, etc., have been 

performed to get better adsorption capacity. 
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A three-dimensional cross-linked polymeric network based on chitosan 

and attapulgite was synthesized by Yian et al., 2009 b. The process was a 

copolymerization reaction in aqueous solution. It was found that at natural pH, 

the composite adsorbent with 20 weight % attapulgite can adsorb 21.0 mg 

ammonia nitrogen per gram. It is also found that adsorbed ammonia nitrogen 

can be entirely desorbed by 0.1 mol/L NaOH within 10 min.  

  

The adsorption efficiency of quaternary amine-modified chitosan 

beads for the removal of nitrate and phosphate anions was done by Appunni 

and Sankaran, 2013. The composite adsorbent was prepared by reacting cross-

linked chitosan beads and glycidyl tri-methyl ammonium chloride. The cross-

linked chitosan beads were treated with 20% glycidyl trimethyl ammonium 

chloride at 60
0
C for 24 h and then washed with water to remove excess 

glycidyl trimethyl ammonium chloride, then dried and used.  

 

Cross-linked chitosan beads conditioned with sodium bisulfate was 

used for nitrate removal by Sudipta  et al., 2009 b. The cross-linked chitosan 

was contacted with NaOH and epichlorohydrin, and the cross-linking reaction 

was done at 60
0
C for 6 hours. It was then conditioned with a 500mL sodium 

bisulfate (NaHSO4) solution at 50
0
C for 3 hours by agitation. 

 

Qili et al., 2015 prepared a spherical epigranular chitosan-Fe
3+

 

complex with a particle size range of 1.04–1.16 mm and found useful for 

nitrate adsorption from aqueous solution Three hundred mL of 0.2 M FeCl3 

aqueous solution and ammonia solution (12.5% v/v) are the reagents used.  

 

Synthesis of novel nanocomposite Fe3O4/ZrO2/chitosan was done by 

Hualin Jiang et al., 2013 for nitrate removal. The reagents used were  

ZrOCl2·8H2O, nano Fe3O4 NH3 solution, cetyltrimethylammonium bromide, 
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sodium dodecyl benzene sulfonate and methanol. The adsorption of nitrate 

from aqueous solutions by chitosan hydrogel beads was carried out by Sudipta  

and Seung  (2009 a). The hydrogel beads with chitosan were prepared by the 

drop wise addition of chitosan solution into a chemical coagulating mixture. 

The average diameter of the spherically shaped beads was 2.5 mm. It was then 

kept in water for 30 minutes with pH adjustment.  

 

Chitosan-g-poly (acrylic acid)/rectorite hydrogel composite was 

synthesized by Yian and Aiqin (2009 a), for ammonium adsorption. The 

composite was prepared by in situ copolymerization with the reagents acetic 

acid, rectorite, acrylic acid, ammonium persulfate, and methylene-

bisacrylamide. 

 

2.5.2  Clay-Based Adsorbents 

Clays can be intercalated into the polymeric network. Polymer/clay 

composite possesses remarkable properties for being used as an adsorbent for 

wastewater treatment. The features of the composite include swelling 

properties, gel strength, low synthesis cost (Moumita and Anil, 2015) 

 

Bentonite clay is naturally occurring aluminium phyllosilicate clay 

consisting mostly of montmorillonite. There are mainly four different types of 

bentonite-based on the respective element present in them. They are 

potassium, sodium, calcium, and aluminium. The physical and chemical 

structure of montmorillonite clay mineral is shown in Fig. 2.2 
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Fig 2.2 Physical and Chemical Structure of Montmorillonite clay 

 

Moumita  and  2015 conducted a study  on the use of modified natural 

and synthetic clays for designing polymer nanocomposites. The commonly 

used natural clays for composite preparation are montmorillonite, hectorite, 

sepiolite, rectorite, bentonite, vermiculite, kaolinite, and chlorite. Various 

layered double hydroxides, synthetic montmorillonite, hectorite are the 

synthetic clays used. The preparation, structure, and properties of polymer 

nanocomposites using the modified clays are discussed. It is found that even at 

low loading, these composites are capable with remarkably superior 

mechanical, thermal, dynamic mechanical, adhesion and barrier properties. 

 

Hanxin et al., 2012 investigated ammonia-nitrogen and phosphates 

sorption from simulated reclaimed wastewater by modified clinoptilolite. The 

modification was done with 2% NaCl solution, 0.4 % FeCl3 solution .Then it 

was calcinated at 200
0
C in a muffle furnce. Then cooled in a closed container. 
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The modified clinoptilolite has a high sorption efficiency and removal 

performance. It was observed that 98.46% of ammonia-nitrogen and 99.80% 

phosphates removal could be achieved with modified clinoptilolite. The 

surface of the modified clinoptilolite became loose, and some pores appeared, 

which enlarged  specific surface area. It was found that the contents of Na and 

Fe increased, while the contents of Ca and Mg decreased after modification. 

The maximum adsorption efficiency obtained were 2.08 mg/g for ammonia 

nitrogen and 1.56 mg/g for phosphorous with modified clinoptiolite. 

 

The synthetic organosilica and organoclay were used for the removal 

of nitrate by Moaaz. et al., 2013. The reagent octadecyl trimethyl ammonium 

(ODTMA) chloride was used to prepare organosilica at room temperature. At 

the same time, cetyltrimethylammonium (CTMA) bromide was used to 

synthesize organoclay and layered organosilica material under hydrothermal 

conditions. A commercially available organoclay Cloisite 10A was also tested 

for nitrate removal. 

 

2.5.3  Biosorbents 

Mohamed Ali  et al., 2010, investigated the effects of temperature and 

pH on ammonium biosorption onto Posidonia oceanic fibers. They found that 

the adsorption capacity increased with temperature increase under a wide pH 

range. The film diffusion process governed the ammonium biosorption at 

various temperatures. The mono-layer coverage was confirmed as the 

equilibrium data was found well fitted to Langmuir isotherm. The P. oceanica 

fibers could be used as an effective biosorbent for the removal of ammonium, 

and waste can be recycled as a fertilizer and compost. 
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Hui-mei et al., 2015 prepared adsorbent by loading Al/Fe oxides onto 

tea waste to remove fluoride from drinking water. It is observed that the 

biosorbent combinations Tea–Al or Tea–Al–Fe could effectively lower the 

fluoride concentration to below 1.5 mg/L in the drinking water. The residual 

strength of Al and Fe in the drinking water after Tea–Al–Fe treatment was 

below the standards set by WHO (pH range 5-10). The maximum fluoride 

adsorption capacities for the original tea, Tea–Fe, Tea–Al and Tea–Al–Fe 

biosorbents were obtained as 3.83, 10.47, 13.79 and 18.52 mg/g, respectively 

 

Anni et al., 2015 synthesized a resin by reacting pine sawdust with 

epichlorohydrin, ethylenediamine, and triethylamine in the presence of N, N-

dimethyl formamide. The sorption data were fitted to the Langmuir, 

Freundlich, and Redliche Peterson isotherm models. Nitrate removal was 

successful at 5 to 70
0
C. Higher temperatures caused nitrate removal to 

decrease reasonably, and a sorption capacity of 22.2 to 32.8 mg/g for nitrate 

nitrogen was achieved. The removal of nitrate in the presence of sulfate and 

phosphate was studied at concentrations of 30 mg N/L, 10 to 500 mg S/L, and 

1 to 50 mg P/L. A significant decrease in nitrate reduction was observed at 

sulfate and phosphate concentrations of 100 mg S/L and 50 mg P/L, 

respectively. 

 

Hakan et al., 2010 prepared activated carbons from sugar beet bagasse 

by chemical activation and the prepared activated carbons were used to 

remove nitrate from aqueous solutions. In chemical activation, ZnCl2 was used 

as chemical agent. The maximum specific surface area of the activated carbon 

was about 1826 m
2
 /g at 700 C and at an impregnation ratio of 3:1. The 

resulting activated carbon was used for removal of nitrate from aqueous 

solution. The effects of pH, temperature and contact time were investigated. 
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Isotherm studies were carried out and the data were analyzed by Langmuir, 

Freundlich and Tempkin equations. 

Adsorption efficiency of nitrate from aqueous solutions onto modified 

wheat residue was studied by Yu Wang et al., 2007. The wheat residue was 

modified by epichlorohydrin in the presence of pyridine and the adsorption 

kinetics was investigated in batch experiment. The results showed that 

modified wheat residue had great anion adsorbing capacity. The zeta 

potentials of raw wheat residue and modified wheat residue were −35 mV and 

+40 mV while the maximum adsorption capacity of raw wheat residue and 

modified wheat residue were obtained as 0.02 mmol g
−1

 and 2.08 mmol g
−1

, 

respectively. And also, the adsorption can reached equilibrium in 20 min, the 

adsorption data fit to Freundlich isotherm model. With the increasing initial 

concentration, the rate constant of pseudo-second-order equation decreased 

and rate constant of intra-particle diffusion model increased. The adsorption 

kinetic analysis with the activated wheat residue could be of a great practical 

value for the technological applications of nitrate removal from aqueous 

solutions. 

 

The adsorption of ammonium by boston ivy leaf powder (Haiwei et al 

2010 a) and strawberry leaf powder was performed by Haiwei et al 2010 b. 

The maximum adsorption capacity of strawberry leaf powder were 3.93, 6.05 

and 7.66 mg/g at 15, 25 and 35 °C, respectively while that of boston ivy leaf 

powder was 3.37, 5.28 and 6.59 mg N/g at 15, 25 and 35°C, respectively. 

 

The sorption and desorption capacity of non-activated and chemically 

activated biochars from microwave pyrolysis using corn stover, ponderosa 

pine wood chips, and switch grass was done by Rajesh et al., 2013. It was 
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found that chemical activation with concentrated HCl improved the surface 

characteristics of biochars and enhanced the nitrate sorption capacity. 

 

The use of biosolids is a beneficial mean of recycling the by-products 

of wastewater treatment in agriculture. Hernandez Apaolaza and Guerrero, 

(2008)   compared between pine bark and coconut husk sorption capacity of 

metals and nitrate when mixed with sewage sludge. It was found that mixing 

the sludge with pine bark is more effective than mixing with coconut husk. 

Pine bark columns leached lower amount of nitrate than the coconut fibres. 

 

Yan Li et al., 2012 developed Paracoccus species immobilized on 

bamboo carbon for denitrification. The results show that denitrification was 

significantly improved using immobilized cells compared to that of free cells. 

It was observed that the denitrification time decreased from 24 h (free cells) to 

15 h (immobilized cells). The immobilized cells exhibited more nitrate 

removal at various conditions compared to free cells since bamboo carbon act 

as a carrier protects cells against changes in environmental conditions. 

Denitrification using the YF1 immobilized in bamboo carbon was also 

maintained 99.8% after the tenth cycle reuse. 

 

Adsorbent from the carpobrotus edulis plant was used for the removal 

of nitrate, H2PO4
−
, Pb

2+
 and Cd

2+
 ions from single, binary, and multi-

component systems. (Mohamed Chibana et al., 2011). The effect of 

parameters like pH, initial concentration, and contact time were studied 

through batch adsorption experiments. The dried carpobrotus edulis showed 

the highest affinity for Pb
2+

, followed by NO
3−

, Cd
2+

 and  H2PO
4−

 in single-

component systems. The adsorption capacities of Pb
2+

, Cd
2+

, NO3 
−
and 



Chapter 2 

                                                    Removal of Nitrate Nitrogen and Ammonia Nitrogen From Aqueous Media Using Nano Biosorbents    

  
38 

H2PO
4−

 were obtained as 175 mg/g, 28 mg/g, 125 mg/g,, and 26 mg/g, 

respectively.  

 

The sorption and desorption of phosphate, ammonia nitrogen and 

nitrate nitrogen in cacao shell and corn cob biochars was done by Hale et al., 

2013. It was found that ammonia nitrogen could bind via an electrostatic 

exchange with other cationic species on the surface of the biochar. 

 

2.5.4  Nanoadsorbents and Nanocomposite Adsorbents 

Wen Song et al., 2016 synthesised a novel adsorbent of magnetic 

amine-crosslinked biopolymer-based corn stalk (MAB-CS) and used for 

nitrate removal from aqueous solution. It is found that the saturated 

magnetization of MAB-CS reached 6.25 emu/g. A pH range of 6.0-9.0 was 

found suitable. It was also found that the presence of PO4
3−

 and SO4
2−

 

markedly decrease the nitrate removal efficiency. The calculated nitrate 

adsorption capacity of MAB-CS was found to be 102.04 mg/g by the 

Langmuir model at 45 
0
C. The thermodynamic study showed that nitrate 

adsorption is a spontaneous endothermic process and found that the removal 

of nitrate was mainly via electrostatic attraction and ion exchange. 

 

Ting Wang et al., 2014 used iron nanoparticles (Fe NPs) synthesized 

by green tea (GT-Fe) and eucalyptus leaves (EL-Fe) extracts, which regarded 

as cleaner production and  that can be used for the efficient removal of nitrate. 

Batch experiment showed that 59.7% and 41.4% of nitrate was removed by 

GT-Fe and EL-Fe NPs. The nitrate removal efficiency with nanozero valent 

iron and Fe3O4 nanoparticles gave 87.6% and 11.7% of nitrate ions 

respectively.  

 



Literature Review  

Removal of Nitrate Nitrogen and Ammonia Nitrogen From Aqueous Media Using Nano Biosorbents    

 
39 

Ahmed et al., 2016 proposed methods to nitrate reduction kinetics by 

nanoscale zero-valent iron in water via copper salt addition. The nano 

zerovalent iron was synthesized under optimum conditions and characterized 

using TEM, surface area analyzer, XRD, and particle size analyzer. The effect 

of pH, presence or absence of oxygen and initial nitrate concentration (50, 

100, 200, 300, and 500 mg/L) was analyzed. A comparison of nitrate removal 

by nano-Fe0 with and without copper salt addition was performed. It is 

reported that the presence of copper ions during nitrate reduction imposes two 

electrochemical reactions. First one was the stimulation of iron corrosion and 

another was hydrogen-electrocatalytic reduction of nitrate. Kinetics studies 

revealed that nitrate removal time was reduced from one hour to 20 min. 

 

Bekhradinassab and Sabbaghi, 2014 studied removal of nitrate from 

drinking water using nano SiO2–FeOOH–Fe core–shell. SiO2–FeOOH–Fe 

core–shell was synthesized in order to overcome the common problems of the 

application of nanoscale zerovalent iron in nitrate removal from drinking 

water. . The effects of parameters like pH, contact time, initial concentration, 

amount of NZVI loading, amount of nano SiO2–FeOOH–Fe core–shell,  and 

sonication time were studied. It was observed that by doubling NZVI loading, 

removal of nitrate increases from 69% to 86%. 

 

The synthesis and characterization of a new adsorbent containing 

nanoscale zerovalent iron particles (NZVI) supported on sineguelas waste (S-

NaOH-NZVI) from agriculture biomass were developed by Soleymanzadeh et 

al., 2015. The new nano-bio adsorbent was used for the adsorption of Cd(II) 

ions. The combination of ZVI particles on the surface of sineguelas waste will 

help to prevent of agglomeration of ultra-fine powders. The agglomeration 

harms both active surface area and performance of the catalyst. 
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Batool Shahrooie et al., 2015 developed a starch-based hydrogel 

nanocomposite prepared from starch and polyvinyl alcohol (PVA) blend as a 

polymeric matrix and fumarate-alumoxane (Fum-A) and maleic anhydride 

(MA) as cross-linking agents. The synthesized adsorbent was analyzed for its 

use in ammonia nitrogen removal from aqueous solutions. The boehmite 

nanoparticles were synthesized by the sol-gel method with Al (NO3)3 and 

NaOH solution. Fum A nanoparticles were synthesized from boehmite 

nanoparticles with fumaric acid as the precursor. The hydrogel nanocomposite 

was prepared by adding Fum-A, PVA, and MA to the gelatinized starch 

solution. 

 

A novel palygorskite nanocomposite adsorbent was prepared by 

Xinggang et al., 2014, with the aim of minimizing the negative impact of 

nitrogen pollution. The removal and recovery of ammonium ions from 

ammonium wastewater was done. The high removal efficiency for ammonium 

in a wide pH range of 4.0–8.0 was exhibited. The composite material had 

preferable water-absorbing and water-retention capacity so that it can be used 

for improving soil moisture content and reduce soil moisture evaporation rate. 

Nanoscale zerovalent iron has considerable potential in remediation of Cr(VI) 

and Pb(II) ions from aqueous solution (Ponder et al., 2000). Fe3O4, Mn3O4 

and MnFe2O4 nanoadsorbents were synthesised by microwave assisted 

hydrothermal synthesis technique and used for adsorption of arsenic III and V 

from wastewater (Parsons et al., 2009). A pH range of 2-6 was selected for 

conducting adsorption experiments. Results of the above work indicated that 

the adsorption was largely pH independent for MnFe2O4.For Mn3O4, the 

maximum adsorption capacity was between pH 4-5. For Fe3O4 the dependence 

of adsorption on pH was highest and removal increased from pH 2-6. 
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Zhou et al., 2009 used chitosan coated magnetic nanoparticles 

modified with α-ketoglutaric acid for removal of Cu
2+

 from water. The effect 

of pH, contact time, initial Cu
2+

 concentration and adsorbent dose were 

analysed, and the results proved that nanoadsorbents possessed considerable 

potential for removal of Cu
2+

 from aqueous solution. 

 

The synthesis and the effect of rapid mixing devices on the properties 

of magnetite nanoparticles were reported by Li et al. (2012). 

 

  The synthesis of maghemite nanoparticles by coprecipitation method 

from an iron solution was done by Wenjun et al., 2013. The efficiency of 

developed nanoparticles for Cr(VI) adsorption from aqueous solutions was 

done. In the study, it was reported that the adsorption followed pseudo-

second-order kinetics. The equilibrium adsorption data were fitted to 

Langmuir and Freundlich models. pH affected the adsorption and optimum pH 

was observed to be 4.0 corresponding to maximum Cr(VI) removal. 

 

2.6   MECHANISM OF ADSORPTION 

The adsorption process is classified as physical adsorption and 

chemical adsorption. Physical adsorption is due to the presence of van der 

Waals force of attraction. In physical adsorption, the uniqueness of adsorbent 

and adsorbate are conserved. Physical adsorption occurs at low temperatures, 

and adsorption decreases with an increase in the temperature. It possesses low 

heat of adsorption and is reversible. In a physical adsorption multimolecular 

layer is formed on the surface of the adsorbent. 

 

The chemisorption involves chemical bonding, and it takes place at 

relatively high temperatures. Chemisorption is an irreversible process. 

Chemical bond forces hold the adsorbent and the adsorbate. Here sharing of 
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electrons takes place, or the adsorbate molecules are broken to atoms or 

radicals during the adsorption process. Unlike physical adsorption, this is 

highly specific. This type of adsorption requires activation energy. Commonly 

the surface of adsorbent holds a monomolecular layer of adsorbate in 

chemisorption. Menkouchi Sahli et al., 2008 conducted nitrate uptake from 

brackish underground water by chemical adsorption and by electrodialysis. 

The chitosan extracted from the waste of shrimps was used as the adsorbent. It 

is observed that the chemisorption requires a high reactional surface. 

 

2.7  FACTORS AFFECTING BATCH ADSORPTION 

The factors that affect the batch adsorption are pH, contact time, initial 

concentration, adsorbent dosage, agitation speed, temperature, and pressure. 

The nature of the adsorbent is also an essential factor that determines the 

adsorption efficiency and capacity. A lot of works has been done to study the 

effect of these parameters on the ability of the adsorption. Batch experiments 

are conducted commonly in the laboratory in a temperature-controlled 

incubated shaker. The shaker contains an oscillating board, and there are 

provisions for placing the beakers with the solution containing adsorbent and 

adsorbate. Batch tests have been conducted to study the influence of the 

factors affecting the adsorption.  

 

2.7.1  Effect of pH on Adsorption 

The pH of the aqueous solution is a significant controlling parameter in 

the ion adsorption processes. The functional groups on the surface of the 

adsorbent are an important parameter that governs the adsorption of materials 

on to the adsorbent. The solution pH influences the adsorption capacity of the 

functional groups. This parameter changes the charge on the adsorbent 

surface. The extent of dissociation of functional groups on the active sites of 
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the adsorbent, degree of ionization, structural changes, and conversion of the 

adsorbate are governed by the pH of the solution (Auta and Hameed, 2014). 

 

Sudipta et al. (2013) reported the removal of nitrate using cross-linked 

chitosan beads conditioned with sodium bisulfate. Batch experiments were 

conducted to study the effect of pH, cross-linking, and effect of conditioning. 

The results indicated that nitrate adsorption was highly dependent on the pH of 

the solution. It is found that changes in pH affect the surface charge on 

chitosan beads. At a pH range of 3 to 6, more protons were available to 

protonate the amine groups of chitosan. Maximum nitrate removal was 

observed at pH three because of the increasing electrostatic interactions 

between the negatively charged nitrate and positively charged amine groups of 

chitosan. The increased concentration of hydroxide ions in the solution 

resulted in a repulsive effect between the deprotonated amine groups and the 

negatively charged nitrate. Hence, the adsorption capacity was significantly 

reduced at higher pH. 

 

Appunni and Meenakshi, 2013 found that the pH of the aqueous 

solution is an essential controlling parameter in nitrate removal by quaternary 

amine-modified chitosan beads. The pH range of 3 to 9 was found favourable 

for nitrate sorption. At higher acidic medium, the restriction in the movement 

of nitrate ions due to excess H
+
 ions in the solution lowers the adsorption 

capacity. They also reported that above pH 9, there were more OH
-
 ions 

enough to compete with the nitrate ions and, therefore, the decrease in the 

adsorption capacity.  

 

Hualin et al., 2013 conducted studies on the effects of pH on the 

adsorption of nitrate and phosphate on composite Fe3O4/ZrO2/chitosan. They 
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observed significant removal at the acidic condition. At pH below 6, the amino 

groups in chitosan and hydroxy group in ZrO2 are protonated. The high 

adsorption capacity at low pH is obtained due to the strong electrostatic 

interaction between the positively charged sites of composite and the anions. 

In alkaline conditions, even though the electrostatic interaction between the 

anions and the adsorbent becomes so weak, there is still a considerable amount 

of nitrate and phosphate being adsorbed on the composite. It is inferred that 

there could be physical forces such as ion diffusion affecting the behavior of 

adsorbates in the vicinity of the adsorbent. 

 

Yian and Aiqin, 2009, evaluated the ammonium removal using 

chitosan-g-poly (acrylic acid)/ rectorite hydrogel composite. It is observed that 

the adsorption capacity of hydrogel adsorbent remains constant within the pH 

range of 4.0–9.0. When pH is lower than 4.0 or above than 9.0, the adsorption 

capacity shows a slight decrease, and hence the composite can be used in a 

wide pH range. 

 

2.7.2  Effect of Contact Time 

The contact time between the adsorbent and the adsorbate solution is 

an essential parameter in adsorption processes. Equilibrium time of adsorption 

is very much useful for the economics of the process. The adsorption 

efficiency first increases in most cases, with an increase in contact time. After 

a specific time, there will be no change in the adsorption efficiency. This 

means that adsorption has reached equilibrium. The amount of adsorbent at 

equilibrium is the maximum adsorption capacity. 

 

Aref et al., 2014 investigated the effect of stirring time on the removal 

efficiency of ammonia nitrogen with modified zeolite. It was found that 
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ammonium ion adsorption increased with increasing stirring time. 92% of 

NH4
+
-N removal was completed within 10 min. After 40 minutes, the removal 

efficiency plateau was observed. It is inferred that the utilization of the most 

readily available adsorption sites of the zeolite leads to a fast diffusion and 

rapid equilibrium attainment. 

 

The maximum phosphate and ammonium adsorption capacities were 

26.5 mg/g and 20.1 mg/g respectively. The change in free energy for 

phosphate removal was obtained as -1.92 to -3.2 at temperature ranging from 5 

to 35
0
C.The values of delta G for ammonia nitrogen removal was obtained 

 as -.3, -0.9, -1.4 and -2.0 for temperatures 5 to 35
0
C. 

 

Anni et al., 2013 tested the effect of anion exchangers prepared from 

tree barks on nitrate adsorption. The effect of contact time was studied by 

shaking bottles containing 50 mL of nitrate solution with initial concentration 

30mg/L. The varying periods was 2 min, 5min, 10min, 20min, 30min, 1h, 2h, 

4h, and 7h. The amount of resin used was 0.2 g/50 mL. They found that 

variations in contact time had little effect on nitrate uptake. 70% of removal 

was reached within 2 minutes. The sorption was rapid, and a contact time of 5-

10 minutes was enough to reach the equilibrium. 

 

Ranjan et al., 2015 reported that the removal of fluoride on neem leaf 

powder first increased steeply up to 60 minutes, after that it was reduced and 

reached a constant value. At equilibrium, the rate of adsorption and desorption 

were equal. Further increase in contact time did not show any increase in 

adsorption rate. 
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2.7.3  Effect of Initial Concentration on Adsorption 

Initial concentration is an important parameter affecting the adsorption 

efficiency. With an increase in initial concentration, the driving force for 

adsorption increases. The active sites are fixed, even though there is a change 

in initial concentration. The driving force and fixed active sites act as 

opposing factors that determine the removal efficiency.  

 

Aref et al., 2014 conducted ammonium adsorption onto salt activated 

Chinese natural zeolite and found that the increment of removal efficiency was 

in the ranges of 10–50 mg/L of NH4
+
-N concentrations, indicating that the 

initial NH4
+
-N concentration plays a vital role in the adsorption of ammonium 

onto zeolites. The study inferred that an increase in the initial ammonia 

nitrogen concentration would increase the mass transfer driving force and, 

therefore, the rate at which ammonium ions pass from the bulk solution to the 

zeolite surface. The equilibrium was reached when all the exchangeable 

ammonium and cation on the external and internal surfaces of the zeolite were 

reached. 

 

The physically activated carbon residue was used as an adsorbent for 

the removal of nitrates and phosphates from aqueous solution by Sari 

Kilpimaa et al., 2015. Besides, raw carbon residue and activated carbon were 

also tested for nitrate uptake. The effect of initial phosphate or nitrate 

concentration on the removal efficiency of anions between the concentration 

levels of 10-140 mg/L was studied. The carbon residue, activated carbon 

residue and activated carbon gave an optimum initial phosphate concentration 

for phosphate removal as 80mg/ L, 20mg/L, and 10mg/L, respectively. It is 

because optimal adsorption sites are occupied at low concentrations while 

some driving forces exist when the concentration increases. 
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Auta and Hameed (2014) showed a rise in methylene blue (MB) 

uptake for an increase in initial concentration when modified ball clay-

chitosan (MBC-CH) was used as the adsorbent. 

 

2.7.4  Effect of Temperature and Pressure 

Adsorption decreases with an increase in temperature generally, and 

pressure has a marked influence on the adsorption of gases. For gases, 

adsorption increases with pressure, and a decrease in pressure causes 

desorption. 

 

The temperature dependence of nitrate sorption onto chemically 

modified pine sawdust was studied by Anni et al., 2015. The batch shaking 

experiments were performed at different temperatures, 50, 60, and 70
0
C. The 

sorption capacities at an initial nitrate concentration of 250 mg N/L at 

temperatures 50, 60, and 70 were 24.9, 24.7 and 22.2 mg/g, respectively, for 

NO3-N. The minor decrease in sorption capacities was found with temperature 

rise. 

Miltiadis et al., 2013 investigated the efficiency of bentonite-humic 

acid composite material Bephos™ for the removal of phosphate and 

ammonium from eutrophic waters. The effect of temperature on phosphate and 

ammonium adsorption onto Bephos™ was studied at temperatures ranging 

from 5
0
C to 35

0
C. The thermodynamic equilibrium constants (Kd) of the 

adsorption process were calculated from the fit of the adsorption isotherms. 

The change in Gibbs free energies (∆G) was then calculated and found that the 

reaction is feasible. 
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2.7.5  Effect of Agitation Speed and Adsorbent Dosage 

The removal of nitrates from brackish underground water by chitosan 

produced from some marine animal wastes was studied by Menkouchi Sahli 

 et al., 2008. The effect of the agitation on the adsorption capacity showed that 

the nitrate removal increases linearly with the agitation speed from 100 rpm to 

600 rpm. After 600 rpm, an equilibrium level is reached. 

 

The effect of adsorption on the dosage of a nano bio composite named 

nanoscale zero-valent iron supported on sineguelas waste was carried out by 

Arshadi et al., 2014. Lead ions was the adsorbate. It was observed that the 

removal percentage of Pb (II) increased with increasing the adsorbent dosage 

from 0.05 to 0.15 g due to the increase in the number of adsorption sites. 

  

Paunka and  Dimitrinka (2009) investigated the adsorption of 

ammonium ions from aqueous solutions by natural and pre-treated Bulgarian 

clinoptilolite. It is observed that the adsorbed amount of ammonia nitrogen 

decreases with the increasing clinoptilolite doses from 2.5 to 30 g/L. The 

decrease in adsorption capacity is due to the increase in interface area when 

the suspension is diluted. The reduction in adsorption capacity continues to 10 

g/L clinoptilolite concentration, and a further increase in adsorbent dosage had 

no significant effect on adsorbed ammonium ions. 

 

2.8   ADSORPTION ISOTHERM 

Adsorption equilibrium is defined as the ratio of the amount of 

adsorbate in the adsorbent to that in the bulk solution. Mathematical 

correlations are used to model adsorption isotherm of a system. The retention 

or release of a substance from an aqueous solution to a solid phase at constant 

temperature and pH is described best by adsorption isotherm. When the 
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concentration of adsorbate in the bulk solution is in a dynamic balance with 

the interface concentration between solution and adsorbent, then it is called 

adsorption equilibrium. A study on modeling of adsorption isotherm systems 

was reported in Foo and Hameed (2010). By conducting the isotherm study of 

a system, the mechanism of adsorption can be explained. Isotherm study gives 

an insight into the surface properties and the degree of affinity of the 

adsorbents. Langmuir model, Freundlich model, and D-R model and Tempkin 

model are commonly used to describe the adsorption of solids from aqueous 

solution to the specific adsorbent. 

 

Numerous studies have been conducted previously for fitting the data 

of adsorption to the Langmuir model. The binding of ammonium ions on the 

surface of strawberry leaf powder was done by Haiwei Liu et al., 2010. The 

equilibrium data were found to provide well to both the Langmuir Model and 

Freundlich Model, and the maximum adsorption capacities were obtained as 

3.93, 6.05 and 7.66 mg/g at temperatures 15, 25 and 35 °C, respectively. 

 

The ability of a nanocomposite Fe3O4/ZrO2/chitosan for adsorbing 

nitrate and phosphate was done by Hualin et al., 2013. It is found that the 

reaction follows the Langmuir isotherm model, and the maximum adsorption 

amount of nitrate and phosphate is 89.3 mg N/g and 26.5 mg P/g, respectively. 

 

Bing  et al., 2015 conducted the ammonium adsorption by maple wood 

biochar. The adsorption characteristics of ammonium are well described by 

the Freundlich equation. 

 

Yian et al., 2009 performed the fit of D-R isotherm data on the 

removal of ammonium ions by chitosan-g-poly(acrylic acid)/attapulgite 
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composite. The mean free energy was calculated from D-R constant and 

obtained as -2.0x 10
5
 kJ/mol. 

 

Ari et al., 2012 modified powder of green coconut shell with 2-

hydroxy propyl trimethyl ammonium chloride and used for nitrate uptake from 

aqueous solution through the batch process. The results showed that the 

experimental data fit well to Langmuir, SIPS, and Redlich–Peterson equations 

The isotherm study of the adsorption of ammonium onto palygorskite 

nanocomposite elucidated that the Freundlich model provided the best fit for 

the equilibrium data. The adsorption equilibrium is achieved within 12 min, 

with the adsorption capacity of 237.6 mg /g (Xinggang et al., 2014). 

 

Mulan et al., 2011investigated removal of ammonia from aqueous 

solution by zeolite synthesized from fly ash by a fusion method. The fitting of 

equilibrium isotherm data was done with Langmuir, Freundlich, Koble-

Corregan, Tempkin, and Dubinin-Radushkeich isotherm model. It is found 

that the Koble-Corregan model gives the best fit. 

 

The equilibrium data of nitrate removal by sugar beet bagasse was 

analyzed with Tempkin isotherm (Hakan and Gul, 2010). The equilibrium 

binding constant A (L/mg) was obtained as 0.287 at temperature 298 K. The 

constant B is related to the heat of adsorption and is obtained as 3.118. 

 

2.9  ADSORPTION KINETICS 

The rates and controlling mechanism of the chemical process and the 

factors that govern the attainment of equilibrium in a specified time is given 

by the chemical kinetics. For testing the controlling mechanism of adsorption, 

three reaction models are commonly used, namely, Lagergren pseudo-first-

order, second-order, pseudo-second-order model. Two diffusion models 
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commonly used the intraparticle diffusion model and the Dungwald Wagner 

diffusion model. The pseudo-first-order kinetics is mostly applicable for the 

initial stage of the adsorption process. In the final stages, this may not apply to 

most of the adsorption processes. If the adsorption follows pseudo-second-

order kinetics, then the mechanism also involves chemisorption. 

Chemisorption consists of the exchange of electrons between the adsorbent 

and the adsorbate. While using pseudo-second-order kinetics, the errors 

generated from experiments are minimized. In literature, it is reported that 

most of the adsorption technique for contaminant removal follows pseudo-

second-order kinetic models (Hakan and Gul, 2010). When the intraparticle 

diffusion controls the overall rate, then the kinetics can be expressed in terms 

of the intraparticle diffusion model. Adsorption of a solute on the surface of an 

adsorbent is divided into the following steps. In the first step, called the 

external diffusion, the solute is transferred from the bulk solution to the 

boundary film surrounding the adsorbent. Then the solute is transported 

through the film to the surface of the adsorbent. This is termed as film 

diffusion. In the third step called pore diffusion, the solute from the adsorbent 

surface diffuses to the active sites of the adsorbent. In the fourth step, the 

adsorbent interacts with the active site of the adsorbent. The slowest step 

determines the overall rate of the process. 

 

The use of nanoscale zero-valent iron (NZVI) supported on sineguelas 

waste for Pb(II) removal from aqueous solution was conducted by Arshadi  et 

al., 2014. The kinetic studies were carried out in terms of pseudo-first-order 

kinetics and pseudo-second-order kinetics. It was found that the lead 

adsorption kinetics follows the pseudo-second-order kinetic model with 

kinetic constant 0.0292 g/mg min. 
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The study on the controlling mechanisms of the adsorption of nitrate 

ions on sugar beet baggage was conducted by Hakan and Gul (2010). It is 

found that adsorption kinetic could well be approximated more favorably by 

the second-order kinetic model for nitrate. The intraparticle diffusion analysis 

showed that the lenier plot has an initial curved portion followed by an 

intermediate linear portion. The first portion is the external surface adsorption 

or instantaneous adsorption of nitrate ions, and the second portion is the 

gradual adsorption stage, where the intra-particle diffusion rate is controlling 

the mechanism. Sari Kilpimaa et al., 2015 found that the kinetics of adsorption 

data of nitrate removal by physically activated carbon followed pseudo-

second-order kinetics. 

 

Haiwei Liu et al., 2010 conducted adsorption of ammonium ions from 

aqueous solutions by strawberry leaf powder. Kinetics study suggested that the 

intraparticle diffusion was the rate-controlling step of ammonium adsorption 

by strawberry leaf powder. The optimum pH for ammonium adsorption was in 

the range of 5–8. Individual presence of the K
+
, Na

+
, Ca

2+
, Mg

2+
, Cl

−
, NO3

−
 or 

SO4
2−

 had no significant effect on ammonium adsorption, indicating the 

selectivity of ammonium adsorption by strawberry leaf powder. 

 

Haiming et al., 2010 studied the removal of ammonium ion from 

aqueous solutions using natural Chinese (Chende) zeolite and found the 

reaction mechanism follows pseudo-second-order kinetics. 

 

2.10  ADSORPTION THERMODYNAMICS 

The thermodynamic analysis is used to determine the mechanism of 

adsorption. It helps to determine the adsorption equilibrium constant (K), 

Gibbs free energy change (ΔG), enthalpy change (ΔH), and entropy change 

(ΔS). The positive values of ΔG indicate that the reaction is not 
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thermodynamically feasible. The negative values of ΔG indicate the 

thermodynamic spontaneity and favourability of the process. The positive 

values of ΔH are a representation of the endothermic process and vice versa.  

Positive values of ΔS indicate increased disorder at the adsorbent-adsorbate 

solution interface during the fixation of adsorbate to the active site of the 

adsorbent (Anni et al., 2015). 

 

The thermodynamic study on the adsorption of nitrate by magnetic 

amine-cross linked biopolymer-based corn stalk (MAB-CS) was performed by 

Wen Song et al., 2015 by varying the temperature from 298 to 318 K. It was 

observed that more nitrate ions were removed from the solution with an 

increase in temperature. The positive values of ∆H exposed the nitrate 

adsorption is an endothermic process, and the negative values of ∆G implied 

the feasibility and spontaneous nature of the process. Also, change in entropy 

was positive showed an increase in disorder and randomness during the 

adsorption of nitrate by MAB-CS. 

 

The adsorption of ammonia nitrogen into natural and pretreated 

Bulgarian clinoptilolite as a function of temperature was studied by varying 

the mixing temperature from 293 K to 333 K (Paunka and Dimitrinka 2009). 

The removal efficiency was found to be decreasing with increasing 

temperature. It is inferred that the decrease in ammonia removal with 

temperature is due to the increasing tendency to desorb from the interface to 

the solution. The value of ∆H was -12.94 kJ/mol, and that of ∆S was 7.21 

J/mol K. 
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2.11  RESPONSE SURFACE METHODOLOGY 

Response surface methodology is a collection of statistical and 

mathematical models that help model any engineering problems. For the 

optimization of three or more variables, RSM is an efficient tool. The first step 

in RSM is to design a set of experiments by specifying the process parameters 

that affect the system. Tests are performed according to the experimental runs 

suggested by RSM. Then the model equation is developed by RSM. Then 

optimum values of process parameters that maximize or  minimizes the 

response are determined in the third and final step. 

 

Box-Behnken design demands only a limited number of experimental 

runs for the optimization of a process. The model equation is developed in the 

Box-Behnken design, which relates the variable of interest, which is to be 

optimized with the various parameters that affect the process. Response 

surface methodology gives the interaction between multiple variables that 

affect a process and gives the shape of the response surface. Contour and 

surface plots of RSM give the pictorial representation of the interaction 

between various parameters that affect a process. 

 

Peijing et al., 2018 developed an electrochemical/adsorption system 

with iron particles and zeolites for remediating nitrates and its byproducts. The 

effect of the amount of iron particles, zeolite, and current density was 

investigated. A high nitrate removal efficiency of 95 % was achieved with 

19.74 g of iron particles, 28.19 g zeolites and current density of  18.72 

mA/cm
2. 

 

Response surface methodology with Box–Behnken design was applied 

to investigate the effects of alkali treatment with NaOH on oil palm frond 
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towards the adsorption of heavy metals. The weaker effect of contact time and 

the stronger effect of base concentration was given by the quadratic models of 

RSM. The results obtained were found to be significant at a 99% confidence 

interval. The removal efficiency of 61.5 % for Zinc and 64 % for Copper was 

obtained by treating the oil palm frond with 1.0 M NaOH for a time duration 

of 45 minutes. 

 

Uttam  et al., 2018 studied the application of BBD in response surface 

methodology for the elimination of arsenic with CeO2/Fe3O2/grapheme 

nanocomposite. The analysis of regression showed the best fit of experimental 

results to a quadratic polynomial model with R
2
=0.99. ANOVA and lack of fit 

tests were also carried out to confirm the accuracy of the model. The removal 

efficiency of 98.53 % for As(III) was obtained at the optimum condition of 

C0=10.52 ppm, adsorbent dose=0.198 g/L and pH=7.84. 

 

The optimization of the effects of pH, adsorbent dose, contact time, 

temperature, and initial concentration by zeolite towards ammonia removal 

was carried out by Yuanhao and Majid, 2015. They used factorial design and 

response surface methodology Findings of factorial design and response 

surface showed an optimum pH of 6, and the effect of temperature was not 

significant. The experimental data and model prediction was in good 

agreement with R
2
 = 0.969. 

 

Soumasree et al., 2011 employed RSM to optimize the carbonizing 

condition, the weight ratio of activating agent to the development of an 

adsorbent from the biomaterial, parthenium. The effect of temperature and 

time of carbonization on the removal of methylene blue was studied. The 

optimum values obtained were 1.05:1.0 weight ratio of zinc chloride to 
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parthenium, carbonization temperature 5500C, and time one h. The MB 

adsorption efficiency was also statically investigated, and 93.4% removal with 

initial Methylene Blue concentration of 25 mg/L, the weight of charred 

parthenium 0.22 g at pH seven and temperature 35
0
C has been obtained.  

 

The efficiency of synthetic cation ion exchange resin INDION 225 Na 

for ammoniacal nitrogen removal from semi-aerobic landfill leachate was 

investigated by Mohammed et al., 2009.The effects and interaction of process 

variables like cationic dosage, speed of shaking, and contact time were 

analyzed with central composite design with RSM. They got a significant 

model with a low probability value. The effect of contact time was least 

significant compared to dosage and shaking speed. 

 

Optimization of fast removal of ammoniacal nitrogen by a hydrogel 

consisting of polyvinyl alcohol, acrylic acid, and tourmaline was done using 

Box Behnken design of RSM (Yian et al., 2011). Seventeen experimental runs 

were performed by varying three variables, namely, neutralization degree 

(ND) of acrylic acid (AA), the ratio of polyvinyl alcohol (PVA) to acrylic 

acid, and the ratio of tourmaline (Tm) to acrylic acid. The second-order 

polynomial equation was developed by RSM to fit the experimental data at 

work. The high adsorption of ammonium was achieved by the hydrogel 

prepared according to the predicted appropriate preparation condition of ND 

of AA 70%, the ratio of PVA to AA as 0.0833, and the ratio of Tm to AA of 

0.5.  

 

Box-Behnken design of RSM was used to optimize the processing 

parameters for maximum biodegradability of pulp and paper industry 

wastewater by electrochemical pre-treatment method by Solomon et al., 2009. 
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The statistical investigation of a starch-based based hydrogel 

nanocomposite prepared from starch and polyvinyl alcohol blend as polymeric 

matrix and fumarate-alumoxane (Fum-A)a and maleic anhydride (MA) as 

cross-linking agents, for its use in NH4
+ 

removal from aqueous solutions. 

 

The adsorption efficiency of zeolite towards ammonium removal was 

studied by Yuanhao and Majid in 2015. They used batch adsorption 

experiments. The results showed that zeolite was effective in eliminating 

ammonia from aqueous solution. A low pH condition was suitable with the 

optimum pH found to be 6. High adsorbent dose generated a high removal rate 

and low adsorption capacity. Results of factorial design and response surface 

methodology proved that temperature was not a significant parameter. The 

adsorption kinetics followed the Pseudo-second order kinetic model (R
2
 = 

0.998). Equilibrium data were fitted well to Langmuir and Freundlich isotherm 

models. 

 

2.12  DESORPTION 

The evaluation of the reusability of an adsorbent is essential from a 

practical viewpoint. Once the saturation of an adsorbent takes place, suitable 

eluents are selected for the regeneration of the bed. After bed regeneration, the 

performance of the bed improves drastically. Desorption is the reverse process 

of adsorption, where the adsorbed substance is released from the surface. 

Desorption is used to regenerate the adsorbent after adsorption. After 

adsorption, the adsorbent is saturated with the adsorbate, and no further 

adsorption takes place. Replacement with fresh adsorbent is expensive, and 

hence, suitable solvents are selected that are used to take out the adsorbate 

from the surface of the adsorbent. Thus the adsorbent can be reused. The 

removal efficiency decreases with an increase in the adsorption-desorption 
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cycle. The critical aspect of the effective regeneration of an adsorbent is its 

return to the original state without changing its intended properties. 

 

The regeneration of quarternized chitosan beads (QCB) loaded with 

both nitrate and phosphate ions was done with 0.025 M NaCl (Appunni and 

Meenakshi 2013). The optimum required contact time for complete desorption 

of nitrate and nitrate was found as 30 minutes, for this QCB was immersed in 

eluent at different time intervals of 5-30 minutes. 100 % of the actual 

adsorption capacity was obtained for adsorbent immersed for 30 minutes. The 

renewed adsorbents were used for adsorption studies. It was found a 99 % and 

97.5 % of the actual adsorption efficiency for nitrate and phosphate were 

retained up to the 10th cycle. 

 

The desorption studies on modified hydrated aluminium zeolite ladded 

with ammonium and phosphate were performed by Diana et al.,2015. The 

eluent solutions used were NaOH, NaHCO3, Na2CO3, and mixtures of 

NaHCO3/Na2CO3. The desorption efficiency of ammonium was obtained from 

50 % to 92 % for the elution solutions used. The phosphate recovery was less 

varying from 20 to 79 %. 0ne M NaOH was found as the better eluent than 

others.  

 

Yian and Aiqin, 2009 checked the reusable ability of chitosan-g-poly 

(acrylic acid)/rectorite hydrogel composite used for the removal of ammonium 

ions. 0.1 mol/L sodium hydroxide solution was used successfully for complete 

desorption. 

 

Mahatheva et al., 2016 used iron-modified Dowex 21K XLT ion 

exchange resin for removing nitrate from water. The desorption of the 

adsorbent with 1 M KCl was done in three adsorption-desorption cycles. It 
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was observed a little reduction in adsorption capacity after each regeneration. 

No significant loss in the iron content of adsorbent occurred during recovery. 

 

2.13  CHARACTERISATION OF ADSORBENTS 

The study on exploring the potential use of amine cross-linked reed 

(ACR) for removing nitrate, phosphate, and Cr(VI) from aqueous solution in a 

fixed-bed column was conducted by Zhongfei et al., 2016. Results indicated 

that FTIR, Raman, and XPS of nitrate and phosphate laded ACR were quite 

different from those of Cr(VI) laden samples, which corresponded well to their 

adsorption properties. Results indicated that FTIR, Raman, and XPS of nitrate 

and phosphate laded ACR were quite different from those of Cr(VI) laden 

samples, which corresponded well to their adsorption properties. 

 

Removal of nitrate by synthetic organosilica and organoclay was 

investigated by Moaaz et al. 2013. In this work, octadecyl trimethyl 

ammonium (ODTMA) chloride was used to prepare MCM-41 at room 

temperature. The cetyl trimethyl ammonium bromide was used to synthesize 

MCM-48 and layered organosilica material under hydrothermal conditions. 

The prepared organosilica materials, and the commercially available 

organoclay, Cloisite 10A, were characterized by powder X-ray diffraction 

(XRD) and tested with the occluded surfactant as sorbents for nitrate. 

 

Deepak et al. 2015 investigated the phosphate removal on rice husk 

and fruit juice residue. The adsorption process was fitted with pseudo-first-

order kinetics and Freundlich adsorption isotherm. The D-R isotherm showed 

the physical forces are dominating in the adsorption. 
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Thomas et al. 2008 experimented with wood particles activated with 

anionic polymer and iron salts for the remediation of phosphate from aqueous 

solutions. A decrease in the intensity of the phosphate with a reduction in 

particle size was observed in FTIR studies. A strong linear correlation between 

phosphorus and iron contents was found out. 

 

 Ammonium retention processes onto Cactus leave fibers using FTIR, 

EDX, and SEM analysis by Mohamed Ali et al. 2012. The results showed that 

ammonium retention onto these fibers occurred for a wide pH  

(6–10) and temperature ranges (20–60 ◦C), and the biosorption potential of 

Cactus leave fibers increased with temperature from 1.4 to 2.3 mg g−1 for 

initial concentration of 50 mg/ L. The modeling studies showed that the 

pseudo-second-order model well described the ammonium biosorption, FTIR 

and EDX analysis before and after ammonium retention showed that the main 

mechanisms involved in the removal of ammonium were the ionic exchange 

by calcium ions as well as H+ and the complexation with carboxylic, alcoholic 

and phenolic groups. The surface of CLF determined by SEM revealed the 

presence of cracks and cavities, which may allow the intraparticle diffusion 

and the ion exchange processes. 

 

 Soleymanzadeha et al., 2015 developed a nano biocomposites 

from sineguelas seed for cadmium removal. The synthesized material was 

characterized with different methods such as CHN elemental analysis, 

inductively coupled plasma/atomic emission spectroscopy (ICP–OES), Fourier 

transform-infrared spectroscopy(FT-IR), Brunauer–Emmett–Teller (BET),  

X-ray diffraction (XRD), transmission electron microscopy (TEM), energy 

dispersive X-ray (EDX) and the point of zero charge. It was observed a good 

dispersion of NZVI particles (10–70 nm) on the sineguelas waste. 



Literature Review  

Removal of Nitrate Nitrogen and Ammonia Nitrogen From Aqueous Media Using Nano Biosorbents    

 
61 

2.14  ANALYTICAL METHOD 

UV vis spectrophotometer was used for the analysis of nitrate nitrogen 

and ammonia nitrogen in the wastewater. UV vis spectrophotometer is an 

absorption spectrophotometer that works in the ultraviolet-visible spectral 

region. It measures the electronic transitions of atoms and molecules from the 

ground state to the excited state upon absorption of light in the UV-visible 

region. This electronic transition of atoms and molecules is a function of the 

composition of the sample solution. A blank is also used, which does not 

contain the sample. In wastewater analysis, and an adequately diluted sample 

is taken for analysis. The working of the UV vis spectrophotometer is based 

on Beer-Lambert’s law, which states that the absorbance is directly 

proportional to the concentration of absorbing species and the path length. In 

this device, absorbance is measured, which is related to the concentration of 

the substance under consideration.  The measurement of UV absorption at 220 

nm gives the determination of nitrates and organics if any. At 275 nm, the 

absorbance of dissolved organics takes place. So a second measurement is 

done at 275 nm to correct the nitrate value. The Nesslerization method is used 

in the determination of ammonia nitrogen at a wavelength of 430 nm (Yian et 

al., 2009). 

 

Ting wang et al., 2014 synthesized iron nanoparticles by green tea and 

eucalyptus leaves extracts and conducted adsorption of nitrate in aqueous 

solution. They analyzed residual nitrate concentration in a UV vis 

spectrophotometer (722N) at 220 nm and corrected by subtracting a second 

absorbance at 275 nm. 

 

The removal of nitrate using nano SiO2-FeOOH-Fe-core-shell was 

carried out by Bekhradinassab et al., 2014. The analysis of nitrate ions was 
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done using a UV vis spectrophotometer apparatus (HACH DR/5000) at a 

wavelength of 220 nm. They used 50 mL of distilled water acidified with 1 

mL of 1 N HCl. 

 

Appunni and Sankaran (2013) developed quarternary amine-modified 

chitosan beads for the removal of nitrate and phosphate anions. Ultraviolet 

Spectrophotometric Screening method was used for nitrate analysis in which 

the absorbance was measured at a wavelength of 220 nm, and phosphate was 

analyzed by Vanadomolybdophosphoric acid colorimetric method at a 

wavelength of 400 nm in a UV-Visible spectrophotometer (Spectroquant 

Pharo 300, Merck). The residual nitrate concentration after adsorption with the 

composite chitosan-melamine-glutaraldehyde was also done with UV vis 

spectrophotometry (Appunni and Sankaran 2014). 

 

Cilai et al., 2102 conducted a study on the effect of common ions on 

nitrate removal by zero-valent iron from an alkaline soil. Nitrate measurement 

was carried out by the ultraviolet spectrophotometric method at 220 nm and 

275 nm using a UV1102 spectrophotometer. 

 

Hualin et al., 2013 analyzed the nitrate remaining in water after 

adsorption using the nanocomposite Fe3O4/ZrO2/chitosan using a UV vis 

spectrophotometer (WFZ UV-2000, Unico, USA). 

 

UV-Apel P D spectrophotometer was used for the analysis of the 

concentration of ammonia in aqueous solution after adsorption by a starch-

based hydrogel nanocomposite by Batool et al., 2015.  
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The left out ammonium concentration in the supernatant solution after 

adsorption with zeolite synthesized from fly ash was analyzed 

spectrophotometrically by Nesslerization method (Mulan et al., 2011) 

 

Mohamed Bashir et al., 2010 done the optimization of ammoniacal 

nitrogen removal from semi aerobic landfill leachate with ion exchange resin. 

The residual concentration of ammoniacal nitrogen was measured by the 

Nesslerisation method (Method: 8038) with a Hach’s DR2010 

spectrophotometer set at 425 nm. 

 

2.15   CONTINUOUS REMOVAL IN PACKED BED ADSORPTION 

COLUMN 

Adsorption is a transient process. The amount of material adsorbed 

within a bed depends both on position and time. The solution leaving the bed 

will have little or no solute remaining until the bulk of the bed becomes 

saturated. The breakpoint occurs when the concentration of the fluid leaving 

the bed spikes as unabsorbed solute begins to come out. Then it is conferred 

that the bed has become ineffective. Usually, a breakpoint composition is set 

as the maximum amount of solute that can be acceptably lost. In the column 

operation, the removal of pollutants is achieved continuously, and more 

control of the process is executed. The continuous adsorption column can be 

used for the treatment of both organic and inorganic pollutants. The removal 

of trace amounts of contaminants could be made through developing 

adsorption column in wastewater treatment systems. The data of continuous 

column studies can be used in the design of a packed bed column. Also, the 

prediction of breakthrough curves of fixed-bed columns in real water 

treatment processes can be made. The parameters affecting the breakthrough 

time and shape of the breakthrough curve are the initial concentration of the 
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feed solution, bed height, flow rate, and pH. Various studies have been 

conducted previously by conducting continuous experiments in a packed bed 

adsorption column for removal of nitrate in wastewater and analyzing the 

factors that influence the column operation. The accurate information obtained 

from the fixed bed column studies is guided to the ideal design of an 

adsorption system. 

 

The influence of various parameters and breakthrough performance of 

the adsorption column were described by mathematical models of the column 

data. In modeling, first, the model parameters are estimated, and the 

experimental data are fitted to the various model equations. Thomas model, 

Yoon Nelson model, and Adam Bohart model are used commonly by multiple 

researchers to model the experimental column data. Adam Bohart, Thomas, 

Clark, and Yoon Nelson model was applied to fit the equilibrium column data 

of biosorption of phenol by immobilized activated sludge in a continuous 

packed bed column (Aksu and Gonen, 2004). Flow rate and initial phenol 

concentration were varied to the model column, and it was found that all 

models fitted to the column data. Thomas model is simple and reasonably 

accurate in predicting the performance of the column. Yoon Nelson model 

requires only fewer column data for prediction of breakthrough curves and is 

mostly applicable for single-component systems (Lim and Aris, 2014). Adam 

Bohart model is applicable only for the initial part of the breakthrough curve. 

 

Asim et al., 2013 investigated the removal characteristics of phosphate 

and nitrate by adsorption on boron waste (BW) and heat-treated boron waste 

(BW400) under batch equilibrium and column flow conditions. The effect of 

different flow rate (0.5 mL/min,1mL/min and 1.5 mL/min), various bed 

heights (6 cm,9cm and 12 cm) and effect of different of inlet concentration 
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(100 mg/L,150 mg/L,200 mg/L) were analyzed. Fixed-bed column studies 

were performed using a laboratory scale glass column with an internal 

diameter of 1 cm and a length of 12 cm. A stainless sieve was attached at the 

bottom of column with a layer of glass wool. The results of the column study 

showed that the adsorption capacity of both boron waste and treated boron 

waste was increased with increasing bed depth and initial influent 

concentration and decreased with increasing flow rate. The Breakthrough 

curves obtained from fixed-bed column tests showed that column with BW400 

could be used for the uptake of phosphate and nitrate removal from aqueous 

solutions. 

 

The simulation of a fixed bed adsorber packed with protonated cross-

linked chitosan gel beads to remove nitrate from contaminated water was done 

by Jaffari et al., 2004. It is observed that the trend of the breakthrough curve 

was not affected by sinusoidal variations of the superficial velocity, which 

confirms that the design can be carried out considering a conventional step 

injection. The packing length was more influential than the column diameter 

in the breakthrough curve analysis. 

 

Auta and Hameed, 2014 conducted batch and fixed bed studies for the 

removal of methylene blue from aqueous solution using chitosan-clay 

composite. A comparison between modified ball clay (MBC) and chitosan 

composite (MB-CH) for removal of methylene blue has also been made. 

Adam Bohart model(A-B) and Yoon Nelson model were compared, and it was 

found that the experimental data fitted to the A-B model than Yoon Nelson 

model. The desorption efficiency of MB-CH was higher than MBC after five 

regeneration cycles. 
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Hekmatzadeh et al., 2012 conducted studies on the modeling of nitrate 

removal by ion exchange resin IND NSSR in batch and fixed-bed 

experiments. Nitrate-rich groundwater and synthetic waters with varying 

initial nitrate concentrations were tested . The effect of the presence of sulfate 

and chloride are also studied. The resin bed height for all tests was set at 20.5 

cm. The effect of flow rate varying from 0.69 to 2.11 L/h at a constant influent 

nitrate concentration of 120mg/L was studied. The influent nitrate 

concentration on the sorption performance of nitrate was examined at the 

values of 89.5 mg/L and 60.4 mg/L. It was found that the experimental 

breakthrough curves from column experiments were in good agreement with 

the model predictions (R
2
>0.96). The prediction of column behavior can be 

made from the batch equilibrium data by using the mass action isotherm. 

 

Lim and Aris (2014) modeled an adsorption column for removal of 

Cd(II) and Pb(II) ions in aqueous solution using dead calcareous ions as 

adsorbent. The study showed that when bed height was increased, the column 

exhaustion time also increased, causing an increase in the life span of the 

column. They applied the Thomas model, Yoon Nelson model, and Adam 

Bohart model to the experimental column data. The value of correlation 

coefficients indicated that Thomas model fitted better to Cd(II) column than to 

Pb(II) column. Yoon Nelson model was applicable for both the columns. 

Adam Bohart model assessed the saturation state of the column performance. 

 

  Zhongferi  et al., 2016 studied the use of amine cross-linked reed for 

removing nitrate, phosphate, and Cr (VI) from aqueous solutions in a fixed be 

the column. The effect of influent concentration (50 mg/L,80 mg/L, and 120 

mg/L) and flow rate (5 to 10 mL/min) was analyzed in a column of 20mm 

length,12 mm diameter filled with 1.2 g adsorbent. It is found that the Thomas 
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model was suitable for the adsorption process. The value of Thomas model 

parameter kTh was found to be decreased with influent concentration. This is 

attributed to the driving force for adsorption due to the difference in the 

concentration difference. The equilibrium adsorption capacities q0 calculated 

from Thomas model were 107.3-122.3 mg/g for nitrate. The q0 values for 

phosphate and chromium were 100.6-103.1 mg/g and 112.6-136.7 mg/g, 

respectively. 

 

The applicability of the Thomas model for adsorption of Cr(VI) onto 

tea factory waste in a packed column was analyzed by Malkoc and Nuhoglu 

(2006). They observed close agreement between experimental data and the 

Thomas model. The fitting of the breakthrough curve was significant. 

 

The use of activated carbon obtained from oil palm shells for phenol 

adsorption in a fixed bed column was done by Lua and Jia (2009). The column 

data was simulated by the linear driving force model based on the particle 

phase concentration difference (LDFQ). The model equation obtained was 

found to be in good agreement with the experimental column data. 

 

The adsorptive removal of nickel (II) ions by crab shell in a packed 

column was investigated by Vijayaraghavan et al. (2004). The upflow mode 

was used in the column with an internal diameter of 2cm. The effect of bed 

height and flow rate on breakthrough curves was investigated. The Bed Depth 

Service Time Model (BDST) was used to describe the performance of the 

column. 

 

Vinodhini  and Nilanjana (2010) investigated the removal of Cr(VI) 

from tannery wastewater by neem sawdust in a fixed bed column. The effect 

of the parameters bed depth (5-15 cm) and flow rate (5-15 mL/min) were 
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studied. The neem sawdust dosage was increased from 10, 20, 30 mg for 

different bed heights 5,10, and 15 cm. The effect of co ions Na
+
, K

+
, Mg

2+
, 

Ca
2+

, SO4
2-

, PO4
3-

, NO3
-
 and Cl

-
 was studied in the column. The percent 

removal of chromium obtained for bed heights 5 cm, 10 cm, and 15 cm were 

67.81, 69.91, and 72.13, respectively. The percent removal of chromium for 

different flow rates 5, 10 and 15 mL/min for a bed height of 10 cm was 69.97, 

65.46, and 62.9, respectively. It is found that the bed depth service model fits 

well with experimental data. The adsorption capacity estimated from the 

BDST model was 33010 mg/g. 

 

2.16  SUMMARY 

This chapter contains a detailed literature review on the sources of 

nitrogen contaminants (nitrate-nitrogen and ammonia nitrogen) in aqueous 

solution. The impacts of NO3-N and NH4
+
-N on human being and all sorts of 

life has explained well. The advantages and disadvantages of different 

technologies for eliminating them are described. Benefits of adsorption, when 

compared to other water treatment methods, have been presented. The various 

adsorbents that are suitable for both nitrate nitrogen and ammonia nitrogen 

removal from aqueous solution, the mechanism of adsorption, kinetics, 

thermodynamics, and equilibrium models and desorption have been depicted. 

The advantages of the application of nano adsorbents in wastewater treatment 

and their characterization are presented in this section. The limitations of 

nanomaterials and the application of nanocomposite adsorbents have been 

highlighted. 
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A variety of research works involving the preparation of nano 

adsorbents and nanocomposites have been stated. A detailed literature review 

on the design, fabrication, and modeling of continuous fixed-bed adsorption 

columns for nitrate removal has been presented.  

 

From the previous research works on both batch and continuous 

adsorption, we can summarize that adsorption using nanomaterials seen to be 

highly effective in the remediation of nitrate nitrogen and ammonia nitrogen 

from aqueous solution. To overcome the difficulty of separation of 

nanomaterials from the aqueous solution, they can be made composite with a 

suitable polymeric material, and they can be used effectively in a continuous 

fixed-bed column.  

……..…….. 
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CHAPTER 3 

MATERIALS AND METHODS 

 

3.1  INTRODUCTION 

In this chapter, the materials used for conducting adsorption tests for 

NO3-N and NH4
+
-N removal for both batch and continuous experiments have 

been discussed. A detailed presentation of experimental procedures is included 

in this section. The experiments conducted for adsorption study is divided into 

three sections. In the first section, batch studies carried out for nitrate removal 

with iron loaded chitosan  nutmeg shell powder (Fe-CH-NSP) and chitosan-

bentonite nanocomposite films (CH-B-NCF) is discussed. The second part 

discusses the continuous experiments performed for NO3-N elimination in a 

fixed bed adsorption column and the mathematical modeling of the column. 

The third section focuses on batch adsorption of NH4
+
-N with chitosan-

bentonite nanocomposite film. The statistical validation of batch adsorption 

experiments of both NO3-N and NH4
+
-N using nanocomposite films is done 

with response surface methodology. 

 

3.2  PREPARATION OF NITRATE AND AMMONIUM STOCK 

SOLUTIONS. 

Potassium nitrate (99.9%) for preparing nitrate stock solution was 

purchased from Sigma Aldrich. All the experiments are conducted on the basis 

of removal of nitrate as nitrogen. So the stock solution was prepared by 

dissolving 1.63g potassium nitrate in 1-liter ultrapure water to make 1000 

mg/L NO3-N solution (Wen Song et al., 2016). Ultrapure water was produced 

in situ using the Millipore Direct-Q3 UV system device. The required 
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concentration of nitrate solution was obtained by the serial dilution of the 

nitrate stock solution. Potassium nitrate was dried at 105
0
C for 24 hours before 

dissolution.  

Ammonium chloride of 99.9 % purity was purchased from Sigma 

Aldrich. 1000 mg/L of NH4
+
-N solution was prepared by adding 3.82 g 

ammonium chloride in 1-liter ultrapure water and stored. Ammonium chloride 

was also dried at 105
0
C for 1 h before dissolution to remove the moisture 

content. The working solutions for adsorption studies were obtained by 

diluting the stock solution. Both the stock solution were stored in stoppered 

glass jars. 

 

3.3 PREPARATION OF ADSORBENTS 

In this section preparation of the adsorbents has been discussed. 

 

3.3.1  Preparation of Fe-loaded Chitosan Nutmeg Shell Powder 

In the last few decades, researchers have been more attracted towards 

the synthesis of nanoparticles through environmentally benign routes. In the 

present work, nutmeg shell powder supported with chitosan is used as the 

biomaterial. The Fe-loaded chitosan nutmeg shell powder is synthesized based 

on the following procedure. The raw nutmeg shell coat was separated from its 

fruit and was water washed to remove the dirt. The shell is dried by keeping in 

an oven at 80°C for 4 h. After that, the shell is powdered and is sieved. The 

fraction of particles between 75 µm and 90 µm were selected. The particles 

were washed with hot distilled water and were dried at 70
0
C. Ten gram of 

prepared nutmeg shell powder was added to 100 mL of 1% acetic acid, and the 

solution is kept for mixing for 1 h in a magnetic stirrer at room temperature. 

At the same time, 1 g of powdered chitosan with a degree of deacetylation is 

dispersed in 100 mL 1 % acetic acid and kept in magnetic stirrer for 1 hour. 
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Both solutions were mixed and stirred for two hours using a magnetic stirrer to 

layout the biomaterial. Then add a 20 mL mixture of FeCl2•4H2O and 

FeCl3•6H2O to the above solution and is ultrasonically mixed for 30 

minutes.100 mL of 1 molar NaOH solution with temperature 50
0
 C was added 

slowly and stirred for 30 minutes. The mixture is filtered using 0.2 µm 

cellulose nitrate membrane filter paper in a vacuum filtration unit and kept for 

drying for 12 hour. After drying, the powder is washed by distilled water to 

neutral pH before use. Then dried at 70-80 ºC for eight hours in a hot air oven 

(Zihong et al., 2012; Arshadi  et al., 2015). The prepared adsorbents are stored 

in sealed plastic containers at room temperature. Fig 3.1 shows nutmeg and 

nutmeg shell, and Fig 3.2 depicts synthesized Fe-loaded chitosan nutmeg shell 

powder. 

 
Fig 3.1 Nutmeg and nutmeg shell 

 

Fig. 3.2.Synthesized Fe-loaded chitosan nutmeg shell powder 
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3.3.2  Preparation of Chitosan-Bentonite Nanocomposite Films 

The chemicals bentonite nanoclay, chitosan with a deacetylation 

degree of 85.0%, and acetic acid were purchased from Sigma Aldrich and used 

without further purification. 100 mL of 1% acetic acid was taken in a beaker. 

Two grams of chitosan was added to it. A clear solution was obtained after 

magnetically stirring the solution for 10 hr. Further 0.5 g of bentonite was 

added into it and stirred for eight hour at 500 rpm. After that, the suspension 

was sonicated for 6 h. Half of the consequential solution was transferred into a 

glass petri dish. The film was then dried at 80°C for a period of 6 h. It was 

then unwrapped from the glass plate and was washed to remove any excess 

acetic acid. Then it was again dried for 2 h and cut into small pieces. A hand-

held digital micrometer was used to measure the film thickness and found as 

0.2 mm. These films are stored in sealed plastic containers to perform 

adsorption experiments. The synthesized nanocomposite films are shown in  

Fig 3.3. Fig. 3.4 shows the various stages of synthesis of nanocomposite films.  

 

 

Fig. 3.3 Synthesized  chitosan-bentonite nanocomposite films 
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Fig. 3.4 Synthesis of chitosan bentonite nanocomposite films in the lab 
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3.4 ANALYTICAL METHOD FOR NITRATE NITROGEN AND 

AMMONIA NITROGEN DETERMINATION 

The analysis of nitrate solution was achieved by the ultraviolet 

spectrophotometric screening method. The UV vis spectrophotometer (Hitachi 

U-2900) set at max =220 nm, and max =270 nm was used for nitrate 

determination (Cilai et al., 2012: Yanhui et al., 2011). The second 

measurement at max = 270 is used to correct the nitrate value from the 

dissolved organic matter absorbed at 220 nm. One mL of 1N hydrochloric acid 

is added before analysis. The acidification helps to prevent interference from 

hydroxide or carbonate ions (Ying et al., 2007). The spectrophotometer was 

first calibrated using nitrate solutions of different concentrations (Standard 

Methods for the Examination of Water and Wastewater, 1985). The calibration 

curve is given in Annexure I. 

 

The residual concentration of ammoniacal nitrogen was determined by 

Nessler's reagent colorimetric method using UV vis spectrophotometer 

(Hitachi U-2900) set at max = 430 nm (Yian et al., 2009). Fifty mL of 

ammonium chloride solution of various concentrations was mixed with one 

mL of potassium tartrate. Then the solution is filtered. After that, add one mL 

Nessler's reagent. The solution was put for analysis after five minutes until the 

color change from yellow to brown. A blank solution without the ammonium 

chloride solution was taken in the cuvette. Both the sample and blank 

solutions were used in the UV vis spectrophotometer, and the standard 

calibration curve was obtained. This calibration curve was used to measure the 

concentration of the ammonium solution (Annexure I).Fig. 3.4 shows the 

sample of ammonium solution after adding Nessler's reagent. 
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Fig. 3.5 Ammonium solution with Nesslers reagent for 

analyzing in UV vis spectrophotometer 

 

3.5        CHARACTERIZATION OF THE ADSORBENTS 

The surface morphology of Fe-CH-NSP and nanocomposite films was 

determined using a scanning electron microscope (JEOL-JSM-6390). The 

elemental composition of nanocomposite films before and after ammonia 

nitrogen adsorption was estimated using energy-dispersive X-ray spectroscopy 

(EDX). The crystal structure and basal spacing of iron loaded chitosan-nutmeg 

shell powder and nanocomposite films were obtained from the X-ray diffraction 

pattern (Standard X-ray Diffraction Powder Patterns, 1981). Bruker AXS X-ray 

powder diffractometer (Cu Kα radiation) was used to find the crystal structure 

and basal spacing of nanomaterials in the present work. The thermogravimetric 

analyzer (TGA) was used to determine the thermal stability of nanocomposite 

films. STA 6000 Perkin Elmer TGA-DTA system was used for the thermal 

analysis in the present study. The inert atmosphere was created with nitrogen 

gas. Nitrogen gas with a flow rate of 50 mL/min results in a non-oxidative 

degradation. 
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Fourier transform infrared spectroscopy was used to analyze the 

functional group present in nutmeg shell powder, activated nutmeg shell 

powder, and nitrate loaded Fe-CH-NSP. Fourier transform infrared spectra of 

chitosan-bentonite nanocomposite films before and after ammonia adsorption 

have been carried out. Perkin Elmer FTIR spectrophotometer with 20 scans and 

resolution four was used for analyzing the functional groups in the adsorbents. 

The average particle size of nanocomposite films was calculated using Debye-

Scherrer’s formula (Annexure-II), which is given by equation 3.1. 

 cos

K
D



 


   

(3.1)  

where,  D  = mean diameter of nanoparticles 

  = Full width at half maximum value of XRD diffraction lines in 

radians 

  =  the wavelength of X-ray radiation source 

 =  angle of incidence 

K  =  the Scherrer constant with value from 0.9 to 1. 

 

The thickness of chitosan-bentonite nanocomposite film was measured 

using a hand held digital micrometer.  

 

3.6   BATCH ADSORPTION EXPERIMENTS 

 Adsorption experiments were carried out in a temperature-controlled 

incubated shaker (ROTEK Incubated shaker). A known volume of adsorbate 

solution was contacted with a definite amount of adsorbents to conduct batch 

adsorption experiments. Solution after adsorption was filtered to remove the 

adsorbent loaded with adsorbate and analyzed for residual concentration of 

adsorbate. Experiments were designed by Box-Behnken design under the 
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response surface methodology of Minitab. According to the design of 

experiments of RSM, batch experiments were conducted for both nitrate 

nitrogen and ammonia nitrogen removal. The efficiency of nitrate nitrogen and 

ammonia nitrogen adsorption capacity was determined using the following 

equations. 

 

0

0 )(
(%)

C

CC
E t

 x100  (3.2) 

 

)/( gmgq
0

0 )(

C

CC t
V/m (3.3)

 

where C0 is the concentration of nitrate or ammonium in the solution before 

adsorption in mg/L and Ct is the concentration of nitrate or ammonium in the 

solution after adsorption in mg/L and m is the mass of adsorbent in grams, and 

V is the volume of solution taken for adsorption in liters. 

 

3.6.1  Batch Experiments for Nitrate Removal using Fe-CH-NSP and  

CH-B-NCF 

Adsorption experiments were conducted by diluting the stock solution of 

nitrate using deionized HPLC grade water. Constant volume of nitrate solution 

was taken in stoppered flasks for the batch tests. After adding a definite 

amount of adsorbent, the bottles were shaken in an incubated shaker at 30
0
C. 

The supernatant solution after removing adsorbents was analyzed to calculate 

the adsorption efficiency. The Fe-CH-NSP was separated by vacuum filtration 

in a vacuum filtration unit. Whatman 0.2 µm cellulose nitrate membrane filter 

paper was used for vacuum filtration. The nitrate solution after adsorption with 

chitosan bentonite nanocomposite films was filtered with Whatman 0.45 mm 
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filter paper. One mL HCl solution was added to the solution after filtration and 

fed to UV vis spectrophotometer for analysis.  

 

3.6.2 Effect of Various Parameters on Adsorption of Nitrate Nitrogen by 

Fe-CH-NSP and Chitosan-Bentonite Nanocomposite Films 

The iron-loaded chitosan nutmeg shell powder and nanocomposite films 

synthesized in the laboratory were used for the removal of nitrate from 

synthetically prepared wastewater. First, the effect of pH on nitrate removal 

with Fe-CH-NSP was studied by keeping the initial concentration at 50 ppm 

and adsorbent concentration as 0.05 g/ 100 mL of adsorbate solution. pH was 

varied from 2 to 12, and the bottles were shaken in a temperature-controlled 

incubated shaker set at 120 rpm and 30
0
C for 90 minutes. The pH was 

adjusted by adding 0.1N HCl or 0.1 N NaOH. The solutions after adsorption 

were vacuum filtered and analyzed. The effect of temperature on adsorption 

was studied, keeping pH as 8.0 and time as 90 minutes. The initial 

concentration and adsorbent dosage were 50 mg/L and 0.05 g/ 50 mL, 

respectively, and the temperature of adsorption was varied from 30
o
C to 70

o
C. 

After adsorption experiments, the solution with Fe-CH-NSP was vacuum 

filtered and kept for analysis. The effect of pH on nitrate removal by chitosan 

bentonite nanocomposite films was conducted by contacting 50 mg/L solution 

with 0.1g of the adsorbent. The volume of the solution taken was 100 mL. The 

solution was shaken for one hour at an agitation speed of 120 rpm. The pH 

was varied from 2-12. The temperature influence of nanocomposite films on 

nitrate adsorption was studied by changing the temperature from 30
o
C to 70

o
C 

in a 100 mL nitrate solution of concentration 70 mg/L. The amount of 

adsorbent added was 0.1g. The solution with CH-B-NCF was filtered using 

Whatman 0.45 mm filter paper. The consequential filtrate solution was 
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analyzed using a UV vis spectrophotometer. After conducting batch 

experiments, the efficiency and adsorption capacity were evaluated. 

 

3.6.3  Equilibrium Studies for Nitrate Removal Using Fe-CH-NSP and 

Chitosan-Bentonite Nanocomposite Films 

The equilibrium studies on nitrate uptake with chitosan bentonite 

nanocomposite films were carried out by varying the initial concentration from 

20 mg/L to 100 mg/L. 0.1 g adsorbent was added to a 100 mL nitrate solution. 

Then the flasks were shaken in a temperature-controlled incubated shaker at 

120 rpm and 30
o
C until equilibrium concentration between the adsorbent and 

adsorbate was attained. The filtered solution after adsorption was analyzed for 

residual nitrate concentration. Initial concentrations varying from 20 ppm to 

120 ppm of 100 mL nitrate solution was taken for the equilibrium study with 

Fe-CH-NSP. 0.1 g of Fe-CH-NSP was added, and the experiments were done 

at temperature, 30
0
C. The isotherm model represents an equilibrium between 

adsorbate and adsorbent. Four equilibrium models were analyzed in the 

present study. Langmuir, Freundlich, Tempkin, and Dubinin-Radushkevich 

models were applied to equilibrium data to represent the equilibrium between 

nitrate in the adsorbent and adsorbate. Langmuir model represents monolayer 

adsorption. In the Langmuir model, adsorbent has a finite number of identical 

sites, low coverage and identical heats of adsorption due to homogeneous sites 

(Xing Xu et al., 2013 b). Adsorbed molecules are not interactive according to 

Langmuir model. In the Freundlich model, adsorption takes place in 

homogeneous sites of the adsorbent. Nitrate is adsorbed in a heterogeneous 

surface of the adsorbent by the Freundlich model. The Tempkin isotherm 

model was used to evaluate the adsorption potential of the adsorbent. 

According to Tempkin isotherm, a linear decrease of adsorption energy takes 
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place as the degree of achievement of the sorption centers of an adsorbent is 

increased (Hameed and Daud,  2008). The D-R isotherm is used to measure 

the apparent energy of adsorption. The Langmuir model, Freundlich, Tempkin 

and D-R isotherm equations are given by the following equations. 

eL

eLm
e

CK

CKq
q



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ee lnCBlnABq        (3.8) 

2   DKqlnlnq adse    (3.9) 

 

Equation (3.4) represents the Langmuir model, and equation (3.5) 

represents the linearized form of Langmuir equation. Equation (3.6) represents 

the Freundlich model, and (3.7) represents the linearized form of Freundlich 

equation. The equation (3.8) and equations (3.9) represent Tempkin and D-R 

isotherm models, respectively. Ce represents the equilibrium concentration of 

the solution in mg/L, qe is the adsorption capacity in mg/g at equilibrium, qm is 

related to the maximum adsorption capacity (mg/g), and KL is the Langmuir 

adsorption constant and is related to the energy of adsorption. qm and KL is 

calculated from the slope and intercept of the plot between Ce vs. Ce/qe. The 

values Kf and n are derived from the intercept and slope of the graph between 

ln Ce and ln qe. Kf is the Freundlich constant, which represents adsorption 

capacity (mg/g(L/mg)
n
), and the constant n represents adsorption intensity 
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(Hernandez-Apaolaza, L. and F. Guerrero, 2008). ‘A’ is Tempkin isotherm 

equilibrium binding constant (L/g), and B is constant related to the heat of 

sorption in kJ/mol. The Tempkin isotherm constant bT is calculated as, 

B

RT
bT    (3.10)  

Where R is the universal gas constant and T is the temperature. In 

equation 3.9, qs, Kad, and D are theoretical isotherm saturation capacity 

(mg/g), Dubinin-Radushkevich isotherm constant related to mean sorption 

energy (mol
2
/kJ

2
), and Polyani potential respectively. The mean free energy, E 

for removing a molecule from its sorption site to infinity is related to Kad as 

adK
E

2

1


     (3.11) 

The value of E > 8 kJ/ mole point to chemical sorption and less than 8 

kJ/ mol designate physisorption. 

 

3.6.4. Kinetic Studies for Nitrate Removal Using Fe-CH-NSP and 

Chitosan-Bentonite Nanocomposite Films 

The kinetic studies were conducted by shaking 100 mL of 70 ppm 

solution containing 0.1 g adsorbent. The time was varied between 20 minutes to 

120 minutes. The temperature was kept at 30
0
C, and the agitation speed was 120 

rpm. For kinetic studies using Fe-CH-NSP, 100 ppm nitrate solution at pH 8.0 

was agitated for time intervals 30 to 180 minutes at 30 
o
C and 120 rpm. 0.1 g 

adsorbent was added to 100 mL of adsorbate solution and mixed thoroughly. 

After shaking, the solutions were filtered and analyzed in a UV vis 

spectrophotometer. The kinetic data were fitted to Lagergren’s pseudo-first-

order, pseudo-second-order, second-order, intraparticle diffusion model and 

Dunwald-Wagner diffusion model to test the kinetics of adsorption of nitrate on 

the surface of both adsorbents 
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Lagergren equation is given by equation (3.12), pseudo-second-order 

equation is represented by equation (3.13), the second-order equation is given in 

equation (3.14),  intraparticle diffusion equation is given in (3.15) and Dunwald-

Wagner diffusion model equartion is represented in equation (3.16). 
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k1  is the Lagergren pseudo first order constant (min
-1

), k2 is the pseudo 

second order rate constant for adsorption (g mg
-1 

min
-1

), K2 is the second order 

rate constant (g mg
-1 

min
-1

), kd (mg g
-1

 min
-1/2

)  is the rate constant for intraparticle 

diffusion and kDW is the Dunwald-Wagner rate constant . qe is the amount of 

anion adsorbed at equilibrium and qt is the amount of anion adsorbed at time t in 

mg/g. 

 

3.6.5 Thermodynamic Studies For Nitrate Removal Using Fe-CH-NSP 

and Chitosan-Bentonite Nanocomposite Films 

The thermodynamic investigation for nitrate uptake with Fe-CH-NSP was 

achieved by conducting batch adsorption experiments at different temperatures 

ranging from 30 to 70 degree celsius. The initial solution concentration was 50 

mg/L. The adsorbent dosage was 0.05g /50 mL. pH was maintained at 8.0, and 
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shaking speed was 120 rpm. The final concentration was measured after 90 

minutes using UV vis spectrophotometer at 220 nm. The time of shaking, 

initial concentration, pH, and adsorbent dosage was 60 minutes, 70 ppm, 4, 

and 0.1g/100mL, respectively, for adsorption with chitosan-bentonite 

nanocomposite films. The thermodynamic constants such as Gibbs free 

energy, the thermodynamic equilibrium constant, entropy change, and 

enthalpy change was determined. 

 

The thermodynamic equilibrium constant is determined using the 

equation given below (Mehmet Ugurlu and M Hamdi Karaoglu, 2011). 



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
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m
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t

t
d

0  (3.17) 

(C0-Ct) is the concentration of nitrate in the adsorbent and Ct is the 

concentration in the solution in mg/L. Thermodynamic parameters of 

adsorption like Gibbs free energy change (ΔG) kJ/mol, enthalpy change (ΔH) 

kJ/mol and entropy change (ΔS) kJ/mol K are determined using equations 

(3.18), (3.19) and (3.20) respectively. 

RTG   ln Kd    (3.18) 

STHG    (3.19) 

RT

H

R

S
lnKd





   (3.20) 

 R is the universal gas constant in J/mol K, and T is the absolute 

temperature in K. 

 

3.6.6  Response Surface Methodology for Nitrate Nitrogen Removal Using 

Nanocomposite Films 

The design of experiments using Minitab was used to develop the model 

equation and optimization of nitrate removal using chitosan-bentonite 
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nanocomposite films. Conventional methods of changing one parameter and 

keeping the other influencing parameters constant and performing the 

adsorption experiments are time-consuming. When more than one variable 

influences a process, the correct approach is to use a factorial method. 

Response surface methodology consists of a group of empirical techniques 

devised to generate the relationship between a group of controlled 

experimental parameters and measured responses. The advantage of RSM is 

that it is cost-effective, smooth working, and accurate for the optimization of 

the output response. Surface plots or contour plots are used to represent the 

response graphically. The Box-Behnken method demands minimum 

experimental runs and is used for the optimization of three or higher number 

of variables affecting the process (Batool et al., 2015). The design of 

experiments was carried out first using initial concentration, pH, time, and 

temperature. Then the experiments were conducted. Efficiency was found out 

and analyzed using RSM. 

 

The response surface is given by Y= (X1, X2, X3...XK), if all the 

variables are assumed to be measurable. Y is the efficiency of nitrate removal 

by adsorption which is called response variable and Xi is called variables of 

action called factors. The second-order model is assumed in RSM. The 

mathematical model equation of the second order was developed using 

response surface methodology, and an optimal set of parameters that 

maximize the efficiency was found out. The mathematical model equation 

representing Box- Behnken design is given by equation 3.21 
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(3.21)
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The four factors in the present study were designated as initial 

concentration (X1),  pH (X2),  time (X3) and temperature (X4). They were 

prescribed in three levels coded as +1 for high, 0 for intermediate and -1 for low 

value. 
0  

is a constant,  
12 ,

13 ,
14 ,

23 24, 34,    
are called interaction coefficients, 

11 22 33 44, , ,     are quadratic coefficients, β1, β2, β3 and β4 are  regression 

coefficients for linear effects  and Y is the response variable under study. 

Linear regression coefficient (R
2
) between experimental and predicted value 

of Y was determined to find the quality of fit of model. Response optimizer of 

RSM gave the optimum conditions of operating parameters for maximum 

removal. 

 

The Box-Behnken method under the response surface methodology of 

Minitab was used for the optimization of nitrate removal using chitosan-bentonite 

nanoclay adsorbent. All the experiments were conducted at 30
o
C temperature and 

120 rpm shaking speed according to the design of experiments provided by Box 

Behnken design. A total of 27 experimental runs were conducted batchwise at pH 

4.0. pH was adjusted by 0.1 N NaOH and 0.1 N HCl. After 27 sets of batch 

experiments, the response surface was analyzed. Response optimizer gave the 

optimum values of initial concentration, temperature, pH, and time for maximum 

removal. Surface plots showing the combined effect of variables were plotted. 

 

3.6.7   Desorption Studies of Nitrate Nitrogen with CH-B-NCF 

The desorption study is essential to get information regarding the 

reusability of the adsorbent. In the present study, first adsorption experiments 

were conducted at 120 rpm and 30
o
C. For the first cycle of adsorption-

desorption experiments, 0.1 g of nanocomposite films were added to 100 mL 

of 60 ppm nitrate solution. The pH of the nitrate stock solution was maintained 

at 4.0 by adding 0.1N HCl. The solution was shaken for 60 minutes in a 
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temperature-controlled incubated shaker, and after adsorption, the residual 

solution was filtered and analyzed using a UV vis spectrophotometer. After 

adsorption, the nanocomposite films were washed with HPLC grade water to 

remove the residual nitrate ions. The adsorbent films were then dried in an 

oven. The dried adsorbents were then added to the stripping solution. The 

regenerating solution used was 100 mL of 1 M NaCl at pH 4.0. Then the bottle 

was placed in an incubated shaker and agitated for 60 minutes at room 

temperature. Then the solution was filtered and analyzed for nitrate in the UV 

vis spectrophotometer. Percentage desorption was determined. The same 

procedure was repeated. Five cycles of adsorption-desorption experiments 

were conducted, and the time of reuse was analyzed for chitosan-bentonite 

nanocomposite films. 

 

3.6.8  Adsorption Using Nanocomposite Films for Ammonia Nitrogen 

The adsorption efficiency of chitosan bentonite nanocomposite films 

towards ammonia nitrogen is investigated by performing batch adsorption 

experiments. To find the effect of pH on adsorption efficiency, 50 mL of 

solution was agitated with 0.1 g of adsorbent. The concentration of the 

solution was 50 mg/L. The solution was taken out after one hour and tested for 

residual ammonia nitrogen concentration. The pH was adjusted with 0.1 M 

HCl or 0.1 M NaOH. The effect of temperature on adsorption was studied, 

keeping pH 6.0 and time as 90 minutes. The initial concentration and 

adsorbent dosage were 50 mg/L and 0.1 g/50 mL, respectively, and the 

temperature of adsorption was varied from 30
o
C to 70

o
C.  

 

For isotherm studies, 50 mL of ammonium solution having different 

initial concentration was agitated with 0.1 g of chitosan- bentonite 

nanocomposite films. The initial concentration was varied from 10 mg/L to 50 
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mg/L. The time and speed of agitation were 100 minutes and 120 rpm, 

respectively. The isotherm data obtained were analyzed with Langmuir and 

Freundlich isotherm models. The kinetic studies of adsorption were performed 

on a series of solutions with an initial concentration of 28 mg/L and pH six at 

different time intervals (20, 40, 60, 80, 100, 120, and 140 minutes) until 

equilibrium was reached. The amount of adsorbent used was 0.1 g/ 50mL. The 

temperature and agitation speed were maintained at 30
0
C and 120 rpm. After 

shaking, the solutions were analyzed in the UV vis spectrophotometer at 430 

nm. The kinetic data were fitted to Lagergren’s pseudo-first-order, pseudo-

second-order, second-order, intraparticle diffusion model, and Dungwald-

Wagner film diffusion model to test the kinetics of adsorption of ammonium 

on the surface of chitosan-bentonite nanocomposite films (Zhu  et al., 2011). 

Thermodynamic parameters ΔG, ΔH, and ΔS, were evaluated from the data 

obtained from the study on the effect of temperature. 

 

In the present work, 0.5 M NaOH solution has been used for 

desorption experiments. 50 mL of 0.5 M NaOH solution was mixed with 2 g 

of chitosan-bentonite nanocomposite films laden with ammonium ions. The 

mixture was stirred for 30 minutes at an agitation speed of 120 rpm at room 

temperature. The adsorbent residue after shaking was then separated from the 

solution using Whatman 0.45 mm filter paper. It was then washed with 50 mL 

of distilled water for 10 minutes. The nanocomposite films obtained after 

washing was dried at 100
0
C for 3 hrs. The study on pH effect varying from 2-

10 and effect of temperature study (30
0
C to 70

0
C) were repeated with the 

regenerated adsorbents. 
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3.6.9 Design of Experiments for Ammonia Nitrogen Adsorption Using 

Chitosan-Bentonite Nanocomposite Films 

 Adsorption experiments were performed according to the design of 

experiments given by Box-Behnken design under the response surface 

methodology of Minitab 18. Optimization of operating parameters for 

ammonia nitrogen removal was carried out using RSM. Response surface 

methodology was also used to study the interaction between variables and 

ANOVA (Analysis of variance). RSM gave 27 sets of experimental 

combinations. The parameters for the batch study were initial concentration, 

temperature, time, and pH. All the batch tests were conducted at 303 K and 

120 rpm shaking speed. The pH was adjusted using 0.1N HCl and 0.1N 

NaOH. After adsorption, filtration was carried out using Whatman 0.45 mm 

filter paper. After filtration, the concentration of the solution was determined 

using a previously calibrated UV vis spectrophotometer at 430nm. 

 

3.7  REMOVAL OF NITRATE NITROGEN IN CONTINUOUS FIXED 

BED ADSORPTION COLUMN USING CHITOSAN-BENTONITE  

NANOCOMPOSITE FILM AS ADSORBENT 

 Continuous removal of nitrate-nitrogen from aqueous solution was 

accomplished using a fixed bed adsorption column. A schematic diagram 

showing the principle of working of the packed bed adsorption column is 

shown in Fig. 3.6. 
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Fig. 3.6. Schematic of the experimental packed bed column with proper 

dimensions 

 

Fixed bed column studies were conducted using a perspex glass column 

of 30 mm outer diameter, 25 mm inner width and 300 mm height (Lim and 

Aris, 2014). The schematic diagram of the nitrate adsorption column is shown in 

Fig 3.6. The column was packed with the required amount of adsorbent 

uniformly mixed with glass beads. The introduction of glass beads helps to 

retard the fluidization and bypass flow of the bed. Two supporting layers of pre-

equilibrated glass mesh were provided at the bottom and top of the column to 

prevent the loss of adsorbent during the filtration process. Five liters of  nitrate 

solution was stored in a glass vessel. A silicon tube of 2 cm diameter and 2 mm 
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thickness was used to connect the glass vessel containing the stock solution, 

peristaltic pump, and the glass column. The trapped air in the bed was removed 

by wetting the column with deionized water. The column was charged with a 

nitrate solution of 70 mg/L initial concentration in the upflow mode. The 

influent flow rate of 6mL/min, 10 mL/min, and 15 mL/min are achieved with 

the help of a peristaltic pump. The calibration details of the peristaltic pump are 

given in (Annexure-III). The treated nitrate solution was collected at various 

time intervals until the bed got saturated. The nitrate solution after adsorption 

was filtered using Whatman 0.45 mm filter paper and analyzed for residual 

nitrate concentration. Fig. 3.7 is the experimental set up for a fixed-bed column 

for nitrate removal. The effect of bed height and flow rate were studied for 

continuous experiments. All the tests were performed at room temperature. The 

adsorbent dosage for the study was 30% of the bed height. The pH of the nitrate 

solution was kept at 4 using 0.1 N HCl. The analysis of the breakthrough curve 

and the mathematical determination of column parameters are done. The 

mathematical modeling of the continuous adsorption system is also performed. 

 

 

 

 

 

 

 

 

 

 

Fig.  3.7 Nitrate fixed bed column using CH-B-NCF 
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The column performance is evaluated by evaluating Cf/C0, where Cf is 

the effluent concentration, and C0 is the influent concentration in mg/L, 

respectively. The nitrate adsorption breakthrough profiles were obtained from 

Cf/C0 against time plots. Adsorbed anion concentration was also plotted 

against time to analyze the amount of nitrate adsorbed in each set of 

experiments. The adsorbed anion concentration in the bed is obtained using 

Eqn 3.22 

Cad = C0-Cf             (3.22) 

 The treated volume of nitrate solution collected at any time is given by 

equation 3.23 

Veff (mL) = Q ttotal  (3.23) 

 Q represents the volumetric influent flow rate in mL/min and ttotal is the 

total flow time in minutes.The total adsorbed nitrate ion        (mg) is 

obtained by finding the area under the plot from the integral of adsorbed 

concentration Cad  versus time. The total adsorbed nitrate is given by equation 

3.24 (Auta and Hameed 2014).  

dtC
QQA

q
totaltt

t

adtotal 





0

10001000
      (3.24) 

The total amount of nitrate ions delivered to the column        in mg 

is obatined from equation (3.25). 

1000

0 total
total

QtC
m           (3.25) 

Total removal percentage of NO3-N is the ratio of total adsorbed ion in 

the column to the total ion delivered to the column. Percentage total removal 

of nitrate ions is given by equation (3.26). 

% removal = 
total

total

m

q
x 100                              (3.26) 
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The equilibrium nitrate uptake qeq also known as the column maximum 

adsorption capacity, which is obtained by deviding the total anion adsorbed 

with mass of adsorbent (X) in the column. Equation 3.27 gives column 

maximum adsorption capacity 

X

q
q total

eq     (3.27) 

At equilibrium,the unadsorbed nitrate ion concentration is given by 

equation 3.28  

1000 

eff

totaltotal
eq

V

qm
C   (3.28) 

 

Three well-known models, Thomas model, Yoon Nelson model, and 

Adam Bohart model, were used in the present study for mathematical 

modeling. The various models applied to the column data is described below. 

 

3.7.1  Thomas Model 

The Thomas model is widely used for the design of the adsorption 

column and was developed in 1948. The model is often used to explain the 

breakthrough of the packed bed column and the parameters affecting the 

column. The underlying assumptions of Thomas or reaction model are: (i) 

negligible axial and radial dispersion in the fixed bed column; (ii) the 

adsorption is described by a pseudo-second-order reaction rate principle which 

reduces to Langmuir isotherm at equilibrium; (iii) constant column void 

fraction; (iv) consistent physical properties of the adsorbent solid-phase and 

the fluid phase; (v) isothermal and isobaric process conditions; (vi) the 

intraparticle diffusion and external resistance during the mass transfer 

processes are considered to be negligible (Jaafari et al., 2004). The linearized 
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form of the Thomas model is given in equation 3.29. Parameters of the 

Thomas model were determined, and breakthrough curves were predicted 

                  

tCk
Q

mqk

C

C
In Th

Th

f

0
00 1 














  .  (3.29) 

 

where, kTh (mL/min.mg) is the Thomas kinetic constant; q0 (mg/g) is 

the maximum solid-phase concentration; C0 (mg/L) is the influent nitrate 

concentration; Cf (mg/L) is the effluent concentration at time t; m (g) the mass 

of adsorbent and Q is the volumetric influent flow rate. A linear plot of ln 

[(C0/Cf) −1] against time, t was employed to determine the values of q0 and 

kTh from the intercept and slope of the plot. The experimental column data has 

been compared with the data predicted by the Thomas model, and thus the 

model is validated. 

 

3.7.2 Yoon Nelson model 

Yoon and Nelson developed a model based on the assumption that the 

rate of decrease in the probability of adsorption of adsorbate molecules is 

proportional to the probability of the adsorbate adsorption and the adsorbate 

breakthrough on the adsorbent (Lim and Aris, 2014). The Yoon– Nelson 

model is a linearized model for a single component system and involves fewer 

column parameters. It gives time for 50% adsorbate breakthrough. The 

mathematical representation of the Yoon Nelson model is described in 

equation (3.30). 

                 0

ln
f

YN YN

f

C
k t k

C C
 


                                 

(3.30)  

kYN is theYoon Nelson rate constant (minute
-1

) and τ is time required 

for 50 % nitrate anion breakthrough in minutes. No other physical data is 

required in Yoon Nelson model and hence it is a straightforward model. A plot 
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of 
0

ln
f

f

C

C C
versus time will give the parameters of Yoon Nelson model. The 

fit of experimental data was checked using the model. 

 

3.7.3 Adam Bohart model 

Adam–Bohart model is used for the narration of the first part of the 

breakthrough curve, up to 10-50%. This model establishes the fundamental 

equations describing the relationship between Ct/C0 and t in a fixed bed 

adsorption system (Lim and Aris, 2014). Adam Bohart model is based on the 

theory of surface reaction. The surface reaction theory assumes that 

equilibrium is not immediate; therefore, the rate of the adsorption is 

proportional to the adsorption capacity, which remains on the adsorbent. This 

approach focused on the estimation of characteristic parameters such as 

maximum adsorption capacity (N0) and A-B kinetic constant (kAB) using a 

quasi chemical kinetic rate expression. The Adam Bohart model expression is 

given in equation (3.31). 

               

0
0

0 0

ln
f AB

AB

C k N Z
k C t

C U
 

                                              

(3.31) 

   is the Adam Bohart kinetic constant (L/mg min). N0 represents 

the saturation concentration (mg/L) and Z is the bed depth (cm). U0 is the 

linear velocity (cm/min) and it was calculated from the volumetric flow rate 

and cross section area of the bed. A plot of 
0

ln
fC

C
was made with time to get 

kAB and N0.The column data was compared with the data predicted by the 

model and the linear regression coefficient between experimental data and 

predicted data was determined (Wan et al., 2012) 
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3.8  SUMMARY OF THE CHAPTER 

This chapter includes a detailed study on the various materials and 

methods used in the removal of nitrate-nitrogen with two composites, namely 

iron loaded chitosan nutmeg shell powder (Fe-CH-NSP) and chitosan-

bentonite nanocomposite films. The materials and methods required for 

ammonia nitrogen adsorption with chitosan-bentonite nanocomposite films 

from aqueous solutions were also explained in this chapter. The synthesis and 

characterization of the nanomaterials are being discussed. The performance of 

chitosan bentonite nanoclay films for nitrate elimination in a fixed bed 

adsorption column has also been described. Modeling of the column using the 

Thomas model, Yoon Nelson model, and Adam Bohart model and their 

equations have been depicted in this chapter. 

 

……..…….. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Chapter 3 

                                          Removal of Nitrate Nitrogen and Ammonia Nitrogen From Aqueous Media Using Nano Biosorbents    

  
98 

 

 

 

 

 

 

 

 

 

 

 



Results and Discussion  

Removal of Nitrate Nitrogen and Ammonia Nitrogen From Aqueous Media Using Nano Biosorbents 
99 

CHAPTER 4 

RESULTS AND DISCUSSION 

 

4.1  INTRODUCTION 

The risk produced by nitrogen contamination should be remediated to 

protect our ecosystem. Adsorption is an effective method for the wastewater 

discharges carrying nitrate nitrogen (NO3-N) and ammonia nitrogen (NH4
+
-N). 

In the current study, two new kinds of adsorbents were synthesized, namely 

Fe-loaded chitosan nutmeg shell powder (Fe-CH-NSP) and chitosan 

bentonitenanocomposite films (CH-B-NCF). The adsorption of NO3-N with 

these adsorbents has been investigated. The removal of ammonia nitrogen 

with nanocomposite films has also been studied. The method of synthesis of 

the adsorbents and adsorption process has been explained in chapter 3 (Section 

3.3). The characterization of synthesized adsorbents with SEM-EDAX, TEM, 

FTIR, TGA, and XRD have also been described in this chapter. Statistical 

validation by RSM has been carried out for adsorptive removal of both NO3-N 

and NH4
+
-N with chitosan-bentonitenanocompositefilms. The continuous 

adsorption study for nitrate-nitrogen has been carried out. The chitosan 

bentonitenanocomposite films were selected for the fixed bed column studies 

due to the following reasons: (1) Harsh chemicals are not used for the 

preparation of the nanocomposite films. (2) The effortless separation of 

nanocomposite films and uncomplicated column operation. The mathematical 

modelling of the fixed bed nitrate column is also included in this chapter. 
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4.2 BATCH ADSORPTION STUDY FOR NITRATE 

NITROGEN REMOVAL USING Fe-CH-NSP 

Nutmeg shell powder and chitosan in a ratio of 10:1 were used as a 

source of biomaterial for the development of composite bio sorbent. The Fe-

loaded nutmeg shell powder with chitosan as a bridging reagent was used in 

batch adsorption of nitrate-nitrogen from aqueous solution. The activation by 

iron nano particles increased the number of available binding sites (Francesca 

Pagnanelli, et al., 2010) 

 

4.2.1  Effect of pH and Temperature on Nitrate Removal by Fe-CH-NSP 

The batch experiments to find the effect of pH and temperature on 

adsorption efficiency was conducted at room temperature and 120 rpm speed. 

Fig. 4.1 shows the effect of pH and temperature on percent removal of nitrate-

nitrogen onto Fe-CH-NSP. The effect of pH study shows that acidic medium 

is favourable for adsorption. The percent removal of NO3-N obtained for pH 

of 2, 4, 6, 8, 10 and 12 are 60, 62, 78, 80, 42, and 30 % respectively.A higher 

replacement of nitrate-nitrogen was seen in the pH range of 6 to 8. Maximum 

removal was (80%) was obtained at pH 8. It is observed that adsorption of 

nitrate decreased after pH 8. The formation of iron based oxides on the surface 

of Fe- loaded chitosan nutmeg shell powder might be takes place at pH 8, and 

after that the surface doesn’t provide any electrostatic attraction to the nitrate 

anions (Ahmedet al., 2016). The acidic or alkaline nature of the solution 

affects the degree of speciation of nitrate ions. The -COOH, -COO, -OH and 

Fe
3+

 groups in the composite are playing a vital role in the adsorption process. 

The easy protonation of the functional groups at acidic pH causes an increase 

in adsorptive capacity. At extreme acidic conditions the protonation of nitrate 

ions and the solution enriched with H
+
 ions causes a slight decrease in the 
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adsorption of nitrate anions. As pH increases, the electrostatic interaction 

between anions and adsorbent increases and adsorption capacity is increased. 

At high alkaline conditions, a stronger contest is there between the OH
-
 ions 

and NO3
-
 ions to the adsorbent active sites. Hence poor adsorption is observed 

at pH 10 and pH 12. According to Pearson's principle of hard and soft acids 

and bases (HSAB) nitrate anions are categorized as hard acids. Also, the Fe
3+

 

incorporated chitosan acts as a hard base. So a hard acid- base contact exists 

amid them (Pahlavanzadeh, et al., 2012). 

 

The analysis of the effect of temperature on the percentage of nitrate-

nitrogen uptake shows that the NO3-N uptake efficiency increased from 20
o
C 

to 30
o
C and reached a maximum and then slows down when the temperature 

was raised from 30
0
C to 70

0
C. The adsorption of NO3-N onto Fe-CH-NSP at 

different temperatures 30
0
C-70

0
C showed a reduction in adsorption with the 

raise in temperature. The percent removal of NO3-N obtained for temperatures 

20, 30, 40, 50, 60, and 70
0
C were 87.6, 88.04, 86.96, 85.71, 84.18, and 81.2 % 

respectively for an initial nitrate concentration of 50 mg/L. Favourable 

adsorption could be seen in a range of 30
0
C-60

0
C. Maximum removal was 

found at 30
0
C. All other experiments were performed at this temperature. At 

higher temperatures, desorption of adsorbed nitrate ions may lead to a 

decreased adsorption capacity (Manalet al., 2008). 
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Fig  4.1 Effect of pH and temperature on adsorption efficiency  removal of  

 NO3-N onto Fe-CH-NSP. 
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4.2.2  Adsorption Isotherms of Nitrate Nitrogen Removal onto Fe-CH-

NSP 

Four adsorption isotherms, Langmuir, Freundlich, Tempkin, and 

Dubinin-Radushkevich (D-R) isotherms were analyzed for the removal of 

NO3-N with Fe-CH-NSP. The isotherm plots are shown in Fig 4.2. The 

parameters of equilibrium isotherm have been summarized in Table 4.1. 

Langmuir, Freundlich, Tempkin, and D-R isotherm plots had R
2
 values of 

0.99, 0.75, 0.86, and 0.98, respectively. The regression coefficients of four 

models were in the order of Langmuir>D-R>Tempkin>Freundlich. The 

equilibrium data fitted more to the Langmuir isotherm model. The maximum 

adsorption capacity qm calculated from the Langmuir Isotherm model was 

83.33 mg/g. RL is a dimensionless separation factor calculated from the 

Langmuir isotherm model. For positive adsorption, the value of the separation 

factor should lie between zero and one. The case of RL= 0, occurs if k is very 

large, which means that adsorption is too strong. That is why RL=0 is named 

irreversible. The condition of RL = 1 can occur only if k=0. This means that 

the adsorption isothermis a straight line. So this is linear adsorption. For 

unfavorable adsorption the value of RL is greater than 1. In the current study 

values of RL obtained for concentrations 20, 40, 60, 80 100 and 120ppm was 

0.242, 0.121, 0.081, 0.0604, 0.048, and 0.040 respectively. Here the values of 

RL at all concentrations are less than one, which shows that adsorption is 

favorable. The inverse relationship between RL and initial concentration 

indicates that favorable removal could be observed at higher initial 

concentrations. The Freundlich constants Kfand
 

 
have been calculated and 

obtained as 20.9 and 0.363, respectively. The value of 
 

 
 <1 indicates the 

favorable nature of adsorption, and the value of 
 

 
  more close to zero shows 

that the surface is more heterogeneous (Qili et al., 2015).  
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The D-R isotherm assumed that the characteristics of the sorption 

curves are related to the porosity of the adsorbent (Foo and Hameed 2010). 

The high regression coefficient of Dubinin-Radushkevich isotherm (R
2
=0.98) 

substantiates the porous nature of the prepared Fe-CH-NSP particles. The 

theoretical saturation capacity qs and Dubinin-Radushkevich isotherm constant 

Kad were obtained as qs = 69.55 mg/g, and Kad=1.0x10
-6

, respectively. The 

value of qs obtained from D-R isotherm is almost equivalent to the maximum 

adsorption capacity calculated from Langmuir isotherm, qe=83.33 mg/g. The 

energy required by a molecule to move from its site to infinity is called the 

mean free energy, E (Sudiptaet al., 2009). The value of E computed using D-R 

isotherm was obtained as E=0.707 kJ/mol. The value of Tempkin isotherm 

equilibrium binding constant (A) was obtained as A=3.0312 L/g. The constant 

related to the heat of sorption is obtained as B=15.61 kJ/mol. The constant 

related to heat of sorption B<25 J/mol indicates physisorption. The relatively 

high value of value B indicates that both physisorption and ion exchange play 

a major role in the adsorption. The Tempkin isotherm constant is obtained as 

bT=161.38 (Deepak et al., 2017). 

 

Table 4.1 Equilibrium parameters for adsorption of NO3-N on Fe-CH-NSP. 
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Fig 4.2 Langmuir, Freundlich,Tempkin and Dubinin-Radushkevich 

isotherm of NO3-N adsorption using Fe-CH-NSP. 
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The plot of comparison of four isotherm equilibrium qe with 

experimental data is shown in Fig 4.3. The sorption competence of various 

adsorbents for removal of nitrate-nitrogen were 13.06 mg/g for iron 

nanoparticles synthesized by green tea leaves (Ting et al., 2014), 27.55 mg/g 

for activated carbon prepared from sugar beet bagasse (Hakan and Gul, 2010) , 

52.8 mg/g for wheat straw resin (Xing et al., 2010), 32.8 mg/g for pine 

sawdust (Anni et al., 2014), 102.04 mg/g for magnetic amine cross-linked 

corn stalk (Wen et al., 2016), and 26.13 mg/g for olive stone (Imen et al., 

2015). The maximum adsorption capacity of modified NSP, which is a local 

resource, is 83.33 mg/g which is higher or comparable with the results 

reported by others. 

 

 

Fig  4.3  Equilibrium isotherms for NO3-N removal from aqueous solution 

onto Fe-CH-NSP. 
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4.2.3  Kinetics of Adsorption of NO3-N onto Fe-CH-NSP. 

Kinetic studies were conducted to investigate the velocity of 

adsorption, the controlling mechanism of adsorption, rate-limiting step, and 

parameters governing the sorption. The adsorption experiments were done at 

different time intervals and the residual nitrate concentration was measured in 

the UV-vis spectrophotometer. The difference in solute concentration between 

adsorbent and adsorbate causes significant removal within 60 minutes. The 

equilibrium was reached in 90 minutes (94.7%). The aggregation of nitrate 

anions and the unavailability of adsorption sites on Fe-CH-NSP results in a 

plateau after 90 minutes (Sachinet al., 2011). Three kinetic reaction models, 

namely, the pseudo first order, pseudo second order, and the second order 

model were analyzed. The kinetic plots have shown in Fig 4.4. Two kinetic 

diffusion models, Morris–Weber intraparticle diffusion model and Dunwald-

Wagner film diffusion model, were also analyzed in the present study. The 

kinetic constants and correlation coefficients for the three kinetic reaction 

models have presented in Table 4.2. The linear correlation coefficient for the 

pseudo-first-order (R
2
=0.71) and second-order model (R

2
=0.68) were lower 

compared to the pseudo-second-order model (R
2
=0.99). The results point to 

that, data fits more to pseudo-second-order kinetics. The second order model 

was poorly fitting to the data. The pseudo first order model showed a little fit, 

which may be due to the reduction kinetics of nano zero valent iron. The 

calculated qe value using pseudo second order kinetics is 50 mg/g, while the 

experimental qe value was 47.5 mg/g. It was almost comparable to the qe value 

of pseudo-second-order kinetics, which proves that the adsorption of NO3-N 

using Fe loaded chitosan nutmeg shell powder is pseudo second order. The 

results suggested that nitrate removal by Fe loaded chitosan nutmeg shell 

powder is due to both adsorption and reduction but is dominated by adsorption 

kinetics (Ting et al., 2014). The pseudo-second-order rate constant was 

obtained as 0.0006 g mg
-1

 min
-1

.  
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Fig 4.4  Kinetics of adsorption of nitrate nitrogen onto Fe-CH-NSP-pseudo 

first order,second order,and pseudo second order models. 
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Figure 4.5 represents Weber-Morris intraparticle diffusion plot and 

Dunwald-Wagner liquid film, diffusion model. In the present study, the 

intraparticle rate constant kd is 0.609 mm
2
/min and intercept, C is 40.1, 
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respectively (R
2
=0.732). The relatively big value of C indicates a more 

significant boundary layer effect (Alagumuthu. and  Rajan 2010). In the 

Weber-Morris intraparticle diffusion plot the initial curve represents the 

boundary layer effect, and the straight line represents intra-particle-diffusion. 

Since the plot is not passing through the origin, the intraparticle diffusion is 

not the sole rate-limiting step. It indicates the possibility of both particle and 

pore diffusion in the adsorption process. The Dunwald-Wagner liquid film 

diffusion model is based on Fick's second law for diffusion into or out of a 

sphere Dunwald-Wagner rate constant is kDW=0.099 min
-1

 (R
2
=0.71). The 

diffusion coefficient in the biosorbent phase was calculated and obtained as 

DDW=1.31×10
-5

 mm
2
 min

-1
. The intrapartcle diffusion and film diffusion 

constants and correlation coefficients for adsorption of NO3-N onto  

Fe-CH-NSP is given in Table 4.3. 
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Fig 4.5  Kinetics of adsorption diffusion model of NO3-N onto Fe-CH-NSP, 

Weber-Morris intraparticle diffusion model and Dunwald-Wagner 

film diffusion model. 

 

Table 4.3 The intrapartcle diffusion and film diffusion constants and 

correlation coefficients for adsorption of NO3-N onto Fe-CH-NSP. 

Intra-particle diffusion Film diffusion 

kd, mg/g min
-1/2

 C,constant R
2
 kDW 

min
-1

 

DDW 

mm
2
/min 

R
2
 

0.61 40.1 0.73 0.009 1.3x 10
-5

 0.71 

 

4.2.4  Effect of Temperature on Adsorption of Nitrate Nitrogen Using  

Fe-CH-NSP 

The thermodynamic parameters were evaluated by conducting the 

adsorption of nitrate-nitrogen onto Fe-CH-NSP at varying temperatures. A 

decrease in adsorption efficiency was observed with an increase in 

temperature. The qe values obtained for temperatures 30, 40, 50, 60 and 70
0
C 

were 44.02, 43.48, 42.86, 42.09, and 40.59 mg/g respectively for C0=50 mg/L. 
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Noticeable decrease in adsorption capacity was found at a temperature higher 

than 60
0
C. The weakening of the ion exchange mechanism and electrostatic 

interaction at higher temperatures makes the adsorption process exothermic. 

The ΔH and ΔS values of the process determined graphically and are shown in 

Fig4.6. 

 

 

   Fig 4.6  Thermodynamic plot for the adsorption of NO3-N onto Fe-CH-NSP. 

 

The change of thermodynamic parameters with temperatures is 

summarized in Table 4.4. The negative values of Gibb’s energy specify that 

the process is spontaneous and feasible (Ramalingam et al., 2015). The change 

in enthalpy is found to be -11.285 kJ/mol, which establishes the exothermic 

nature of the process. The value of ∆S is 0.0203 J/K, which is closer to one 

indicates a gradual increase in randomness and impulsiveness throughout the 

adsorption process (Ranjan K R et al., 2015).  
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Table 4.4 Thermodynamic parameters of adsorption of NO3-N onto Fe-CH-NSP. 

Temperature 

(
0
K) 

qe 

(mg/g) 

∆G 

(kJ/mol) 

∆H, 

(kJ/mol) 

∆S 

( J/K) 

303 44.02 -5.02 

-11.285 

 

0.0203 

 

313 43.48 -4.93 

323 42.85 -4.81 

333 42.08 -4.62 

343 40.58 -4.16 

 

4.2.5  Characterisation of Fe-CH-NSP 

Morphological characterisation of Fe-CH-NSP was performed using 

scanning electron microscopy and transmission electron microscopy. FTIR and 

XRD was used to analyze the functional groups and  crystal structure of Fe-CH-

NSP. 

 

4.2.6 Morphological Behavior by SEM and TEM Analysis 

The surface topography and morphological uniqueness of the 

adsorbents are obtained by scanning electron microscopy. The surface 

morphology of Fe-CH-NSP before and after adsorption is shown in figure Fig 

4.7 and Fig 4.8, respectively. The abundant porous and irregular structure of 

the Fe loaded nutmeg shell powder could enable the easy access of nitrate 

anions into it. From the microphotograph, it is evident that the nanomagnetic 

particles are dispersed well in the chitosan-nutmeg shell matrix. The 

heterogeneous surface also depicts the presence of different constituents in the 

composite. The Fe loaded nutmeg shell powder has very small cavities with 

excellent size distribution. It is due to the cross-linking of iron nanoparticles in 

the suspension of biopolymers in an aqueous solution (Ramalingamet al., 
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2015). The nitrate adsorption onto Fe-CH-NSP, leads to the reduced porosity 

and coarse surface of the adsorbent and it is an evidence for the fact that 

nitrate ions occupied the adsorption sites. The clustered or aggregated 

structure of adsorbent after adsorption explains the filling of reactive sites. 

 

        

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 4.7  SEM images of Fe-CH-NSP at different magnifications before nitrate 

adsorption. 
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Fig 4.9 shows the TEM image of the Fe-CH-NSP particles. TEM 

results showed the development of polydispersed nanoparticles of size ranging 

from 20 to 200 nm (Machado et al., 2013). TEM analysis on nanoscale shows 

information on the size and morphology of activated nutmeg shell powder. 

Lower magnification images are obtained, typically capturing between 100 

particles per image. The TEM gives direct imaging of the atomic structure, while 

HRTEM is a specialized mode of  TEM. HRTEM make use of  both transmitted and 

scattered beams to generate an interference image. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 4.8 SEM images of Fe-CH-NSP after nitrate adsorption. 
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Fig 4.9 TEM image of Fe-CH-Nutmeg shell powder. 

 

4.2.7  FT-IR Analysis of Nitrate Nitrogen Removal by Fe-CH-NSP 

FT-IR analysis was carried out to recognize the contact among 

biomolecules of nutmeg shell powder, chitosan and metal ions, accountable 

for the formation of iron nanoparticles. Fig 4.10 shows the spectral analysis of 

the raw nutmeg shell powder. The band at 3298 cm
-1

 seen in NSP is credited 

to O-H stretching of phenolic compounds (Gonzalo et al., 2009). The peak at 

2937 cm
-1

 indicates the presence of –CH2 stretching of aliphatic compound. 

The presence of stretching vibration of carboxylate functional groups are 

shown by the peaks at about 1632cm
-1

and 1514cm
-1

. The peaks at 1032cm
-1

 

and 1151 cm
-1 

represent the C-OH stretching vibration (Zihong et al., 2012). 

Fig 4.11 depicts the Fe loaded chitosan nutmeg shell powder. The peak at 

3298 cm
-1

 disappears in activated NSP. The new peak appeared at 3738 cm
-1

 is 

attributed to the amide - NH stretch which clearly shows the binding of 

chitosan to the composite. The new bands at 653cm
-1

, 538cm
-1

, 457cm
-1

, 

480cm
-1

 seen in the activated NSP demonstrate the presence of Fe-O bonds 

confirmingthe formation of iron nanoparticles (Arshadi et al., 2015). Fig 4.12 

depicts the Fe loaded chitosan nutmeg shell powder after nitrate adsorption.  
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It is observed that considerable change in the frequency of adsorbent after 

adsorption is mainly in the series of 1000cm
-1

 and 1600cm
-1

, where C=O,  

C-O, C-N are present. All these functional groups are contributing to 

adsorption process through electrostatic attraction and ion exchange. The 

disappearance of various bands after equilibration with nitrate solution 

including the band at 653 cm
-1

 clearly postulates the interaction of NO3-N. 

The peaks at 1369 cm
-1

, 1338 cm
-1

, and 1306 cm
-1

attributed to O-H bending 

vibration get shifted to 1375 cm
-1

 after adsorption. This band at 1375 cm
–1

 

visible in the FTIR spectra of adsorbent after adsorption is due to residual 

nitrates. The appearance of new peaks after nitrate adsorption might be due to 

the inner sphere surface complexation between Fe-O-N and functional groups. 

The characteristic bands representing both chitosan and nutmeg shell are 

present in the composite. All these observations pinpoint to the strong 

interaction between functional groups and adsorbate.  

 

 

Fig 4.10  FTIR of raw nutmeg shell powder. 
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Fig 4.11 FTIR of  Fe-loaded chitosan nutmeg shell powder. 

 

 

 

Fig. 4.12 FTIR of Fe-CH-NSP after nitrate adsorption. 
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4.2.8  X-ray Diffraction Pattern of Fe-CH-NSP. 

The interference effect and the diffraction pattern produced by the 

scattering of X-rays on atoms of a crystal indicate the characteristics of the 

substance. The scanning of the material was done at 2θ value ranging from 3
 o

 

to 80
o
 at a wavelength of 1.5406 A

o
 in a X-ray diffractometer. The X-ray 

diffraction pattern of iron nanoparticles loaded nutmeg shell powder is shown 

in Fig. 4.13. X-ray diffraction pattern of Fe-CH-NSP showed the presence of 

iron oxides and Fe(0). The characteristic peaks in the XRD spectrum of the 

composite are due to their regular layered structure. The peaks indicated the d-

spacing in the formation of composite. The peaks in the XRD curve were 

compared with that of standard data and are similar. XRD patterns of iron 

nanoparticles match with those presented in previous works (Arshadi, et al., 

2015). The peaks at 2θ of 36
0
, 38

0
 point to the existence of magnetite or 

maghemite while the peak at 48.9
0
 and 53.8

0
 is of Fe (0). The Fe-O provides a 

conductive environment in solution. XRD pattern of magnetized biosorbent 

after contacting with the nitrate solution is shown in Fig 4.14. The interaction 

between the adsorbent and adsorbate could be seen in the XRD image. The 

XRD results thus not only confirmed successful alteration of the NSP with Fe 

ions and chitosan but also the interaction with the atoms in the adsorption 

process. 
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Fig4.13  XRD spectra of Fe-CH-NSP. 

 

 

Fig 4.14XRD spectra of Fe-CH-NSP after adsorption of NO3-N. 
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4.3  BATCH ADSORPTION OF NITRATE NITRATEGON BY 

CHITOSAN-BENTONITE NANO COMPOSITE FILMS. 

The present section discusses the effectiveness of synthesized chitosan 

bentonite nano clay films (CH-B-NCF) for nitrate uptake through the batch 

adsorption process. The films used in all the experiments have a thickness of 0.2 

mm and a diameter of 6.5 mm. The methods of preparation of nitrate solution, 

nitrate analysis, and synthesis of nanocomposite film have been described in 

chapter 3. This study had the following objectives in mind: (i) investigation of the 

influence of pH on nitrate adsorption; (ii) study of equilibrium adsorption 

isotherms, kinetics of adsorption, and thermodynamics of nitrate sorption on 

nanocomposite films; (iii) study of the combined effect of variables using 

response surface methodology and determination of optimum conditions for  

NO3-N removal using the response optimizer of Box-Behnken design and (iv) 

regeneration of the nanocomposite films by batch-wise desorption studies with  

1 M NaCl.  

 

4.3.1  Effect of pH on Nitrate Nitration Uptake by Chitosan Bentonite    

Films. 

The surface charge and functional group dissociation of active sites of 

the adsorbent are influenced by the pH of the working adsorption solution. 

The consequence of pH variation on adsorption efficiency of nitrate between 

pH 2 to 12 is shown in Fig. 4.15. It was observed that maximum removal of 

nitrate occurs at a pH of 4. The adsorption capacity at pH 4 was 46 mg/g. The 

nitrate percentage removal at pH 2.0 was 72 %, and as pH increased, the 

adsorption efficiency also increased up to pH 4.0 (92%). At acidic pH, the 

surface of the adsorbent gets protonated, and the functional groups which 

contribute to electrostatic attraction become positively charged. It is reported 

in the literature that at pH below 5, almost 90 % of the total amine groups in 
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the chitosan become protonated and at neutral pH, the protonation efficiency is 

decreased to 50% (Sudiptaet al., 2009). The hydroxyl, amino, carboxylic, and 

carbonyl group present in the nanocomposite films are positively charged at 

low pH and negatively charged at higher pH. So, high adsorption capacity at 

low pH is mainly due to the strong electrostatic interaction between the 

positively charged sites of nanocomposite films and the negatively charged 

nitrates. The higher adsorption of nanocomposite films also postulates that the 

cross-linking treatment of the chitosan with bentonitenanoclay reinforced its 

chemical stability at acidic pH. At pH 2, there was some restriction in the free 

movement of nitrate ions toward the adsorption sites due to more H
+
 ions in 

the solution, which slightly decreases the adsorption efficiency. Also, there 

will be a competition of Cl
- 

ions with nitrate anions. The sharp decrease in 

percentage nitrate removal (30%) occurred when pH reached 12.0. It is 

ascribed to the increase in diffusion resistance due to the contest between 

hydroxide and nitrate ions for adsorption sites. At high alkalinity, the 

adsorption efficiency decreased significantly due to the electrostatic repulsion 

among deprotonated amine groups and negatively charged nitrate ions 

(Appunni and Meenakshi., 2013). 
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Fig 4.15  Influence of pH on nitrate adsorption (initial nitrate concentration 

50 mg nitrate/L and nanocomposite film dose 0.1 g/100 mL). 

 

4.3.2  Adsorption Kinetics 

The controlling mechanism and rate-limiting step of an adsorption 

process are obtained from the kinetic analysis. The adsorption kinetic data 

were analyzed using pseudo-first-order, second-order, and pseudo-second-

order kinetic models, which are shown in Fig 4.16. The kinetic data were 

obtained by conducting the adsorption experiments at different time intervals 

and measuring the final concentration (Annexure-IV). Two adsorption kinetic 

diffusion models- intraparticle diffusion model, and Dunwald Wagner film 

diffusion model are also studied and are shown in Fig 4.17. The kinetic 

parameters and correlation coefficients of three kinetic models have tabulated 

in Table. 4.5. The R
2
 values of pseudo-second-order, pseudo-first order and 

the second-order were obtained as R
2
=0.99, R

2
=0.74, and R

2
=0.73, 

respectively.  This shows that the reaction follows pseudo-second-order. The 
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experimental qe value was 64.3 mg/g, and qe calculated using pseudo-second-

order kinetics was 71.42 mg/g. The pseudo-first-order model showed a little fit 

with R
2
= 0.74 while second order showed poor fit. In literature, it is reported 

that the kinetics of most of the adsorption process with modified chitosan and 

clay composites are following the pseudo-second model (Moaaz et al., 2013: 

Appunni and Meenakshi,2014). In the pseudo-second-order kinetic model, the 

rate-controlling step involved is the chemical sorption involving valence 

forces through the sharing or exchange of electrons between sorbent and 

sorbate (Mohammadali et al., 2010). The pseudo-second-order rate constant 

was obtained as 0.00426 g mg
-1

 min
-1

. 

 

Weber-Morris intraparticle diffusion and Dunwald-Wagner liquid film 

diffusion plots are presented in Fig 4.17. In the present study, the 

intraparticlerate constant is 2.35 mg/g/min
1/2

, and the slope is 41.4, 

respectively (R
2
=0.8). The value of the slope C gives an idea about the 

boundary layer thickness (Siva et al., 2012). The relatively high value of C 

indicates a more significant boundary layer effect. In the Weber-Morris 

intraparticle diffusion plot, the initial curve represents the boundary layer 

effect, and the straight line represents intra-particle-diffusion. The multi-

linearity in the plot shows that the intraparticle diffusion is not the sole rate-

limiting step. There is a possibility of both particle and pore diffusion in the 

adsorption process. Dunwald-Wagner rate constant obtained iskDW=0.05 min
-1

 

with R
2
=0.75. Table 4.6 contains the intraparticle diffusion and film diffusion 

constants and correlation coefficients for adsorption of NO3-N onto CH-B-

NCF. 
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Fig 4.16 Kinetics of adsorption of nitrate nitrogen onto CH-B-NCF, pseudo 

first order,second order,and pseudo second order models. 

 

Table 4.5 The kinetic constants and correlation coefficients for adsorption of 

nitrate on to chitosan bentonitenanocomposite films. 

 

Experimental Pseudo first order Second order Pseudo second order 

qeexp, 

mg/g 

qecal, 

mg/g 
R

2
 

k1 

min
-1

 

qecal, 

mg/g 
R

2
 

K2, 

g.mg
-1

 

min
-1

 

qecal, 

mg/g 
R

2
 

k2, 

g.mg
-1

 

min
-1

 

64.3 10.03 0.74 0.002 100 0.73 0.007 71.42 0.99 0.004 
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Fig 4.17  Kinetics of adsorption diffusion model of nitrate nitrogen onto 

chitosan bentonite nanocomposite films, Weber-Morris 

intraparticle diffusion model and Dunwald-Wagner film diffusion 

model. 

  

 

y = 2.3522x + 41.442 
R² = 0.8001 

40

45

50

55

60

65

70

4 6 8 10 12 14

q
t 

√𝑡, min0.5  

Intraparticle diffusion model 

y = -0.0212x - 1.1495 
R² = 0.747 

-4

-3.5

-3

-2.5

-2

-1.5

-1

-0.5

0

0 20 40 60 80 100 120 140

ln
 (

1
-(

q
e-

q
t)

2
) 

 

Time,min 

DW film diffusion model 



Results and Discussion  

Removal of Nitrate Nitrogen and Ammonia Nitrogen From Aqueous Media Using Nano Biosorbents 
129 

Table 4.6 The intrapartcle diffusion and film diffusion constants and 

correlation coefficients for adsorption of NO3-N onto CH-B-NCF. 

 

Intraparticle diffusion Film diffusion 

kd, mg/g min
-1/2

 
C, intraparticle 

constant 
R

2
 

kDW 

min
-1

 
R

2 

2.35 41.44 0.8 0.05 0.75 

 

4.3.3   Adsorption Isotherm  

The experimental data of equilibrium studies of adsorption of nitrate-

nitrogen onto CH-B-NCF were treated with four well-known isotherms- 

Langmuir, Freundlich, Tempkin, and Dubinin-Radushkevich models. Previous 

studies have generally used these adsorption isotherm models to explain 

nitrate adsorption (Appunni and Meenakshi, 2013). The four isotherm plots 

are shown in Fig 4.18. The Langmuir and Dubinin-Radushkevich models 

show the squared correlation coefficient as R
2
=0.98 and R

2
=0.96 respectively. 

The R
2
 values of Freundlich and Tempkin are 0.75 and 0.86, respectively. The 

results proved that the equilibrium data were fitted best to Langmuir and 

Dubinin-Radushkevich models. The fit to Langmuir model describes the 

formation of a monolayer nitrate ion region on the outer surface of 

nanocomposite films. The equilibrium distribution of nitrate ions between 

nanocomposite films and the aqueous solution takes place during adsorption. 

The Dubinin-Radushkevich model is used for the estimation of apparent free 

energy and characteristics of the porosity of the adsorbent. The isotherm 

parameters are summarized in Table 4.7. The maximum monolayer adsorption 

capacity qm calculated from the Langmuir model was 76.92 mg/g. The nitrate 

adsorption capacities of the chitosan derivative adsorbents are tabulated in 

Table 4.8. The findings showed that the adsorption capacity of the prepared 

nanocomposite film was higher or comparable with the other adsorbents. The 

main novelty is that no toxic or intensive chemicals were used in the cross-
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linking of chitosan with bento nitenanocaly. Only acetic acid was used for the 

preparation process. The higher adsorption of nitrate ions also shows that the 

nanocomposite films have a more specific surface area, pore-volume, and 

average pore width.  

 

The essential characteristics and favourability of the Langmuir 

isotherm model are expressed in terms of a dimensionless constant RL 

(Rangabhashiyam et al., 2014). It is commonly known as the separation factor. 

Value of RL<1 indicates that adsorption is favorable, and RL>1 indicates 

unfavorable adsorption. In the present work, values of RL were in the range of 

0.13 to 0.02 for concentrations ranging from 20 ppm to 100 ppm. The inverse 

relationship between RL and initial concentration indicates that favorable 

removal can be achieved at higher initial concentrations. Freundlich constants 

Kf and 1/n have been found as 21.8 and 0.4 (R
2
=0.71), respectively. Since 

n>1, it is a favourable adsorption. The D-R isotherm constants are obtained as 

qs=68.64 mg/g, and Kad=9.00E-07 (R
2
=0.96). The theoretical saturation 

capacity qs calculated by D-R isotherm is almost comparable with the 

maximum adsorption capacity calculated from Langmuir isotherm qm=76.92 

mg/g. The mean free energy computed was E=0.75 kJ/mol, the energy demand 

by a molecule to move from its site to infinity (Qili Hu et al., 2015).  

E< 25kJ/mol indicates physisorption. The Tempkin constants were obtained as 

A=3.26 mg/L, B=16.97 J/mol, and bT =148.44. The constant associated to the 

heat of sorption is B<25 J/mol indicates physisorption. The equilibrium 

adsorption capacity calculated using the four isotherms (qe, cal) of NO3-N onto 

nanocomposite films was plotted as a function of equilibrium concentration, 

Ce. Fig 4.19 shows the fitting curve between four isotherms. From the R
2
 

values, the best aptness order was Langmuir>D-R>Tempkin>Freundlich. 

Figure 4.19 shows the a plot between experimental and theoretical qe values 

and equilibrium concentration Ce. 
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Fig 4.18 Langmuir,Freundlich, Tempkin and Dubinin-Radushkevich 

isotherm of NO3-N adsorption using CH-B-NCF. 

 

y = 16.975x + 20.047 

R² = 0.7822 

0

10

20

30

40

50

60

70

80

90

0 0.5 1 1.5 2 2.5 3 3.5 4

q
e,

 m
g
/g

 

ln Ce 

Tempkin isotherm 

y = -9E-07x + 4.229 
R² = 0.964 

2

2.5

3

3.5

4

4.5

0 500000 1000000 1500000 2000000

ln
 q

e 
 

D2 

D-R isotherm 



Results and Discussion  

Removal of Nitrate Nitrogen and Ammonia Nitrogen From Aqueous Media Using Nano Biosorbents 
133 

 

Fig  4.19 Equilibrium isotherms for NO3-N removal from aqueous solution 

onto CH-B-NCF. 

 

Table 4.7.  Equilibrium parameters for adsorption of NO3-N on to chitosan 

bentonitenanocomposite films 
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Table 4.8. The nitrate adsorption capacities of the chitosan derivative 

adsorbents 

Adsorbent 

Adsorption 

capacity 

(mg/g) 

Reference 

Cross-linked chitosan treated with GTAC 67.5 
Appunni and 

Meenakshi.,2013 

Chitosan-bentonite nanocomposite films 76.9 Present study 

Chitosan beads cross-linked with 

epichlorohydrin 
103.1 Chatterjee et al., 2009 

Chitosan beads conditioned with sodium 

bisulphat 
93.6 Chatterjee et al., 2009 

Chitosan beads cross-linked with 

epichlorohydrin and conditioned with sodium 

bisulphate 

104.1 Chatterjee et al., 2009 

Chitosan beads non cross-linked 90.7 Chatterjee et al., 2009 

Chitosan hydrogel beads 92.1 Chatterjee et al., 2009 

Chitosan coated zeolite (protonated with 

H2SO4) in cold regions 
0.6 meq/g Arora et al., 2010 

Chitosan coated zeolite (protonated with HCl) 

in cold regions 
0.74 meq/g Arora et al., 2010 

 

4.3.4  Thermodynamics of Nitrate Nitrageon Adsorption  

Temperature is a highly noteworthy parameter in the adsorption process. A 

series of batch experiments at 30, 40, 50, 60, and 70
0
C were performed to study the 

influence of temperature rise on the adsorption capacity of chitosan bentonite 

nanocomposite films on nitrate-nitrogen (Annexure-IV). The experimental results 

revealed that low temperatures benefit the adsorption of nitrate onto nanocomposite 

films. The qm values obtained for temperatures 30, 40, 50, 60 and 70 
0
C were 64.3 

mg/g, 65.4 mg/g, 57.2 mg/g, 50.4 mg/g and 45.6 mg/g respectively for an initial 
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concentration of 70 mg/L. The results suggest that the adsorption capacity is affected 

by temperature. Fig. 4.20 shows the free energy change of adsorption of nitrate 

ions using chitosan bentonite nanocomposite films with temperature. A slight 

increase in adsorption capacity at 40 
0
C may be due to the enhancement of retarding 

forces acting on the adsorbent surface. The values of thermodynamic parameters have 

gathered in Table 4.9. The negative values of ΔG indicate that the adsorption process 

is favorable, and this is also indicates that the process is spontaneous. The increase in 

the values of the magnitude of Gibbs free energy change with temperature shows that 

there is an increase in the spontaneity of the adsorption process with temperature. The 

positive value of ΔS  also postulate it.The negative value of ΔH shows that the 

adsorption is exothermic. The positive value of ΔS indicates the increase in 

randomness at the solid-solution interface during the binding of nitrate into the active 

site of the chitosan bentonite nanocomposite films. 

 

Fig. 4.20. Free energy change of adsorption of nitrate ions using chitosan 

bentonite  nanoclay adsorbent versus temperature 
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Table 4.9. Thermodynamic parameters of adsorption of nitrate onto  

nanocomposite film 

Temperature,  K Kd ΔG, kJ/mole 
ΔH, 

kJ/mole 
ΔS, kJ/K 

303 11.28 -6.10 

-46.07 0.129 

313 14.22 -6.91 

323 4.47 -4.02 

333 2.57 -2.6148 

343 1.87 -1.78 

 

 

4.3.5  Desorption Studies of Nitrate Nitrogen 

The regeneration and reuse of costly adsorbents are necessary for the 

economical operation of an adsorption process in wastewater treatment 

systems. The multiple uses of adsorbents can be achieved by eliminating the 

adsorbate with suitable eluents. In the present work 1 M NaCl solution has 

been used for desorption experiments. Regeneration of nanocomposite films 

adsorbed with nitrate was done in batch experiments. The desorption study of 

nanocomposite adsorbents was conducted using a 1 M sodium chloride 

solution. The initial concentration of nitrate taken was 60 ppm (Annexure-IV).  

Adsorption experiments were done with an adsorbent dosage of 0.1 g/100 mL. 

The time of shaking was 60 minutes. The saturated films were shaken in a 

shaker with an eluent solution.  After the first cycle, adsorption efficiency was 

93.16 %. After adsorption, desorption was conducted using a 100 mL NaCl 

solution, and the percentage desorption after the first adsorption-desorption 

cycle was 96.36 %. In the second cycle, the adsorption efficiency was 

decreased to 85.83%, and desorption efficiency was 81.25%. Adsorption 

efficiency was decreased to 78.12%, followed by a desorption efficiency of 
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75.0% in the third cycle. After the fourth cycle, the adsorption and desorption 

efficiencies were 74.4% and 69%, respectively. The fifth cycle gave an 

adsorption efficiency of 73.3% and a desorption efficiency of 66.7%. The 

decrease in concentration gradient in consecutive periods causes a fall in 

adsorption efficiency. The virgin adsorbent used in the first cycle results in 

highest nitrate uptake. The desorption of chemically bonded nitrate is due to 

the formation of soluble sodium nitrate. The desorption efficiency decreases in 

the successive cycles should be due to a reduction in the activity of adsorbent. 

This study shows that chitosan-bentonite nanocomposite films can be reused 

in wastewater treatment plants using sodium chloride as eluent. The relation 

between the regeneration cycle and adsorption-desorption efficiency is shown 

in Fig. 4.21. 

 

 

Fig. 4.21 :Desorption of nanocomposite films loaded with nitrate by 1 M NaCl 
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4.3.6  Response Surface Methodology for Analysis of Nitrate Removal Using 

Chitosan-Bentonite  Nanocomposite Films 

The optimum conditions for adsorption of nitrate-nitrogen by 

nanocomposite films were determined by Box Behnken design under response 

surface methodology. Optimization studies were conducted with 0.1 g of 

adsorbent in a 100 mL solution. The speed of shaking was 120 rpm. The four 

parameters for study in uncoded units were pH, temperature, initial nitrate 

concentration, and time of adsorption. The range of variables chosen for the 

experimental design of the adsorption process is shown in Table 4.10.  

 

Table 4.10 Coded levels of independent variables in Box-Behnken design for 

NO3-N using nanocomposite films 

Variables Actually coded levels 

 Low (-1) High (-1) 

pH 2 12 

Temperature 30 70 

Initial Concentration 20 100 

Time of Contact 20 120 

 

 

The design of experiments gave 27 different combinations of the 

parameters as shown in Table 4.11. 
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Table 4.11. Design of experiments for nitrate removal using chitosan 

bentonite nanocomposite films 
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1 7 50 60 70 9 51 85 81.43 

2 7 50 100 20 18 82 82 86.93 

3 2 30 60 70 10.2 49.8 83 84.76 

4 12 30 60 70 9.6 50.4 81 85.26 

5 7 30 20 70 4 16 80 77.01 

6 2 70 60 70 14.4 45.6 76 78.6 

7 7 50 20 120 5.2 14.8 74 75.93 

8 12 70 60 70 15.6 44.4 74 77.1 

9 7 70 60 20 16.8 43.2 72 75.35 

10 2 50 20 70 5.2 14.8 74 73.68 

11 2 50 100 70 11 89 89 89.68 

12 7 70 60 120 12 48 80 80.35 

13 7 50 60 70 11.4 48.6 81 81.43 

14 7 50 20 20 5.8 14.2 71 70.93 

15 12 50 100 70 12 88 85 89.18 

16 7 70 100 70 14 86 86 85.85 

17 7 30 60 20 10.2 49.8 83 82.51 

18 7 70 20 70 6 14 70 69.85 

19 7 50 60 70 10.8 49.2 82 81.43 

20 2 50 60 20 15 45 75 76.18 

21 7 30 60 120 9 51 85 87.51 

22 7 30 100 70 8 92 92 93.01 

23 2 50 60 120 7.2 52.8 88 87.18 

24 12 50 60 120 11.4 48.6 80 80.68 

25 12 50 60 20 10.8 49.2 79 81.68 

26 7 50 100 120 8 92 92 91.93 

27 12 50 20 70 5.2 14.8 72 73.18 
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The analysis was done in coded units. The model equation in uncoded units is 

obtained from RSM and is given by equation 4.1. 

 
                                                                      

                               
 

(4.1) 

 

The percentage of nitrate removal obtained experimentally, and that 

predicted by the model do not show much deviation with the R
2
=0.89 (Fig. 

4.22). This showed that the model fitted well with the experimental data. 

 

Fig. 4.22 Experimental versus predicted efficiency for adsorption of nitrate 

onto nanocomposite films 

 

The response optimizer gave the optimum values of the parameters 

affecting the removal efficiency of nitrate nitrogen. Optimum conditions were 

obtained by taking top  points of response surface plots (Peijinget al., 2018: 

Miao al., 2010). From the optimization plot of Minitab 19, 88.43 % removal of 
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nitrate was obtained at 100 mg/L initial nitrate concentration with 0.1 g/ 100 mL 

of nanocomposite film added to the solution. The time of shaking was 120 

minutes at pH 2.0. When the experiment has been conducted batch-wise under 

these conditions, 85 % nitrate removal was observed. Thus the model was 

theoretically validated. The optimizer plot for adsorption of nitrate onto 

nanocomposite films is shown in Fig. 4.23. 

 

 

Fig. 4.23  Optimizer plot of for adsorption of nitrate onto nanocomposite films 

 

4.3.7  Combined Effect of Variables on Nitrate Nitrogen Removal 

The combined effect of pH, temperature, initial concentration, and time 

was analyzed using Minitab 19. The adsorption experiments were conducted with 

1 g/L adsorbent dosage and 120 rpm shaking speed. The removal of nitrate first 

increased with time, and finally, an equilibrium was achieved. With an increase in 

the initial concentration, the driving force for adsorption was increased. So 

initially, the removal was increased. The number of active sites is constant,with 

an increase in initial concentration. The accumulation of nitrate near the CH-B-

NCF results in a decrease in the percentage removal. Finally, equilibrium was 

attained between the adsorbent and adsorbate. Surface plots for the combined 

effect of pH, temperature, initial concentration, and time are shown in Fig. 4.24. 
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The combined effect of pH and temperature was mostly influencing the nitrate 

uptake. From the model equation, it can be seen that the combined effect of pH 

and time has also affected the nitrate percentage removal The nitrate removal 

efficiency was less significant by the combined effect of initial concentration and 

time. 

 

 

Fig 4.24 Contour and surface plots for combined effect of variables for nitrate 

removal by nanocomposite films 
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4.3.8  Characterisation of Chitosan Bentonite Nanocomposite Films 

The surface physical morphology of the chitosan bentonitenanocomposite 

films was done with scanning electron microscopy. The basal spacing of 

nanocomposites was determined using X-ray diffraction. The thermal stability of 

the CH-B-NCF was analyzed in a thermogravimetric analyzer. 

 

4.3.9   Surface Morphology Analysis by Scanning Electron Microscopy 

The surface morphology of nanocomposite films was analyzed by 

scanning electron microscopy. Fig 4.25 shows the SEM image of prepared 

chitosan bentonite nanocomposite films. The richly porous structure of the 

films could enable the easy access of adsorbates into them. The bulk like 

agglomerates seen in the morphograph shows that nanoclay was well 

embedded in the chitosan matrix. (Qili et al., 2015; Majid et al.,2014).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 4.25  SEM of chitosan-bentonite nanocomposite films at different 

magnifications 
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The heterogeneous surface seen in the SEM image indicated the 

scattering of nanoclay in the chitosan surface. The uneven surface of the film 

suggests the immense opportunity of uptake of nitrate and ammonium ion by 

the adsorbent. 

 

4.3.10 .X-ray Diffraction 

The X Ray Diffraction is a fast resolution method used primarily to 

identify the crystal phase of a crystalline material. The XRD also can provide 

information about the morphology. The material to be analyzed is finely 

ground, homogenized and the average composition of its volume is 

determined. X-ray diffraction gives information of the variation of structure of 

chitosan after blending with nanoclay. Fig. 4.26 shows XRD of chitosan 

bentonite nanoclay films. The standard data of chitosan patterns exhibited the 

characteristic peaks centered at 10 and 20 degrees in 2θ. The main 

characteristic of basal spacing of bentonitenanoclay is at 2θ = 5.778 which 

could be seen in the XRD of the composite structure (Miltiadis et al., 2013). 

The nanocomposite synthesized from two raw components indicating that 

nanocomposite molecules partially intercalate into the interlayer spaces. Fig 

4.27 depicts X Ray Diffraction pattern of nanocomposite films after nitrate 

adsorption. The considerable change in crystalline peak to amorphous nature 

indicates the adsorption of nitrate anions. The change in the intercalary 

spacing is also seen in XRD spectra. The disappearance of peaks shows 

indistinct intercalation or incomplete exfoliation on the structure of CH-B-

NCF. The characteristic peaks and the d spacing of nanocomposite are shown 

in Table 4.12. Using Deybe-Scherrer formula the average particle crystallite 

size of nanoclay composite film was determined as 9.86 nm. 
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Table 4.12  The characteristic peaks and intergallery spacing of chitosan 

bentonite nanocomposite film. 
 

Chitosan Bentonitenanocomposite films 

Peak position 

2θ° 

d spacing, 

A
o
 

FWHM° Dp (nm) Dp Average (nm) 

5.365 16.46 1.315 6.05 

9.86 19.438 4.56 0.686 11.65 

61.438 1.51 0.784 11.79 

 

 

Fig. 4.26.  XRD of chitosan bentonite nanoclay film 
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Fig. 4.27.  XRD of chitosan bentonite nanoclay film after nitrate adsorption 

 

4.3.11 ThermogravimetricAnalysis 

Thermally stable porous materials are most suitable as adsorbents in 

adsorption process. The thermal stability of the nanofilm was analyzed by 

heating the film from 30
o
C to 800

o
C at the rate of 10

0
C per minute. Nitrogen 

was the carrier gas with a flow rate of 50 mL/min. The use of nitrogen gas 

results in a non-oxidative degradation. The weight loss was noted. The initial 

weight loss was very small. The primary degradation happened between the 

temperature ranges 30-250 
0
C. The initial weight loss is due to the loss of 

adsorbed or bound moisture. This results in a 14 % weight loss. After 270
0
C 

the second stage of degradation starts and the weight loss was rapid. There 

was 44.26 % weight loss arising in the second stage and it was continued up to 

530 °C. The quick weight loss is owing to the degradation of inorganics and 

deacetylation of chitosan bento nitenanofilms. Carbon monoxide (CO), CO2 

(Carbon dioxide), and water (H2O) are the consequential products of 
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deterioration of inorganics in the nanofilm (De Silva et al., 2013). On  

completion of 800°C only 7.5% of the material was remaining. So 

enhancement of thermal stability of chitosan by the addition of 

bentonitenanoclay occurs due to the formation of char as barrier which 

reduces the loss of volatile matter from the film. The weight loss with change 

in temperature for chitosan bentonitenanocomposite films is shown in Fig. 

4.28. From the figure it is clear that the thermogram of chitosan-bentonite 

composite shows multistep degradation. The cross linking with 

bentonitenanoclay caused a significant delay in the degradation and increased 

the thermal stability of chitosan. 

 

 

Fig. 4.28. TGA of chitosan bentonitenanocomposite films 
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4.4 CONTINUOUS REMOVAL OF NITRATE NITROGEN  IN 

PACKED COLUMN USING NANOCOMPOSITE FILMS 

The application of an adsorption system in practice is commonly 

carried out in the fixed bed mode. The column operation provides more 

proficient utilization of the adsorbent’s capacity compared to the batch 

process. The data obtained from the column adsorption experiment were 

applied into mathematical theories to get information on the influencing 

parameters. In the present study, chitosan-bentonite nanocomposite films with 

glass beads are packed in the column, and nitrate solution of initial 

concentration 70 mg/L is passed through it. The change in effluent 

concentration with specific time intervals is noted. The performance of the 

continuous packed bed adsorption column was studied by plotting the 

breakthrough curves. The plot of the ratio of outlet nitrate concentration to the 

inlet nitrate concentration (Cf/C0) against time gives breakthrough curve 

(Hekmatzadeh et al., 2012). The column was operated at different bed height 

and flow rate of nitrate solution. The effect of change in parameters on the 

breakthrough performance of the column is given in Annexure-IV. The 

amount of adsorbent taken was 30% of bed height. 

 

4.4.1  Effect of Bed Height on Breakthrough Curves 

The experiments on three different bed heights were conducted to 

evaluate the effect of bed height for continuous removal of nitrate in the 

packed bed adsorption column. The bed heights applied were 10 cm, 15 cm, 

and 20 cm to determine the breakthrough of the nitrate solution. The flow rate 

of 70 ppm nitrate solution was maintained at 6 mL/min, and the pH of the 

stock solution was 4.0. When bed height changes, consequently, there will be 

a change in the nanocomposite adsorbent weight in the column. The mass of 

films was 3 mg, 4.5 mg, and 6 mg for bed heights 10 cm, 15 cm, and 20 cm, 

respectively. Fig 4.29 represents the breakthrough curves at bed heights of 10, 

15 and 20 cm. The plot clearly shows that the amount of nitrate adsorbed 
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increased with an increase in bed height. The slightly different shape and 

gradient of the breakthrough curve could be seen with the variation of bed 

height. The lower bed depth of 10 cm gets saturated more than the higher bed 

depth of 15 cm and 20 cm. More volume of effluent can be treated when we 

increase the bed height. As the bed height of the column was increased, the 

breakthrough curve shifted from left to right. The breakthrough occurred 

slowly for the 20 cm bed than for 10 and 15 cm beds. At lower bed height, 

axial dispersion predominates, and consequently, the nitrate ions do not get 

enough time for diffusion onto the surface of the adsorbent (Xu Xing etal., 

2011). Also, the adsorption capacity was found to increase with bed depth. 

The increase in nitrate uptake capacities with higher bed height in the column 

is due to the increase in specific surface area of the adsorbent. So more nitrate 

ions can be fixed on the active sites of the nanocomposite film. The exhaustion 

time of adsorbent was increased for higher depths (Vinodini V and Nilanjana 

Das, 2014). The longer bed of 20 cm gave a delayed exhaustion time of 40 hrs. 

The delayed exhaustion time shows that the bed is able to operate for a longer 

period without changing the nanocomposite packing. The higher nitrate 

sorption capacity at higher bed depth can also be attributed to the sufficient 

residence time of the anion in the adsorption column (Auta and Hameed, 

2014). This provides ample time for diffusion or interaction of the nitrate 

molecules with nanocomposite films. The total removal percentage of nitrate 

column was seen to increase with bed height. For bed heights, 10, 15, and 20 

cm, total removal of nitrate was 51.92, 53.66, and 55.64, respectively.The 

unadsorbed nitrate ion is denoted as Ceq in mg/L. In the present study, it is 

seen that as the bed height increased from 10 cm to 20 cm, the unadsorbed 

nitrate from the column decreases from 33.06 mg/L to 31.05 mg/L. So the 

results inferred that length of the bed height significantly influenced both 

column breakthrough time and the nanofilm bed performance. The plot of the 

amount of nitrate adsorbed versus time has shown in Fig. 4.30. 
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Fig. 4.29 Effect of bed height on breakthrough curves 

 
Fig. 4.30 Effect of bed height on adsorbed concentration in continuous 

packed bed nitrate column 
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4.4.2  Effect of Flow Rate on the Performance of Packed Column 

Flow rate is one of the critical parameters in evaluating the adsorption 

performance of sorbent in continuous column studies. Three different influent 

flow rates of 6, 10, and 15 mL/min were used to study the effect of flow rate 

on the adsorption capacity of the bed on nitrate-nitrogen removal. The bed 

height, pH, and initial concentration were kept at 15 cm, 4.0, and 70 ppm, 

respectively. The saturation of the bed occurred quicker, with an increase in 

flow rate. Fig 4.31 shows the breakthrough curve for various flow rates of 

nitrate solution. There was a shift in the breakthrough curve from right to left 

with an increase in the flow rate of the nitrate solution. This is due to the fact 

that with the increase in flow rate, the residence time of the nitrate ions 

decreases, and there is no sufficient time for diffusion into the active sites of 

the chitosan-bentonitenanocomposite. The nitrate ions get adequate time for 

diffusion at a lower flow rate. The anion solution leaves the column quickly at 

a higher flow rate, so enough time is not there to reach the equilibrium 

(Hekmatzadeh, et al., 2012). As a result, the percentage removal of nitrate 

decreased, and an increase in breakthrough was observed with the increase in 

the flow rate of influent nitrate solution.   

 

The total removal percentage of nitrate ion for the flow rate of 

 6 mL/min, 10 mL/min, and 15 mL/min were obtained as 53.68, 51.65, and 

51.58%, respectively. A drastic increase in the breakthrough was seen in the 

first part of the column operation at a higher flow rate of 15 mL/min. The 

contact period between the nitrate solution and the adsorbent bed was short at 

a flow rate of 15 mL/min. Therefore the adsorption was not complete and 

resulted in a steep breakthrough in the initial part of the column operation. The 

total amount of nitrate ions delivered to the column and the total anion 

adsorbed by the column is increased with the increased flow rate (Lim and 

Aris, 2014). The intense competition for the limited active sites of the 

nanocomposite films by the numerous nitrate molecules present in the higher 

flow of solution caused a decrease in sorption capacity at 15 mL/min (Autaand 
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Hameed, 2014). It is inferred that higher bed height and low flow rates are 

recommended for the best performance of the fixed bed column. Fig 4.32 

gives the plot of effect of adsorbed nitrate concentration on breakthrough 

curve. 

 
Fig. 4.31. Effect of flow rate on breakthrough curves 

 

Fig. 4.32 Effect of flow rate on adsorbed concentration 



Results and Discussion  

Removal of Nitrate Nitrogen and Ammonia Nitrogen From Aqueous Media Using Nano Biosorbents 
153 

From the continuous study of nitrate removal in the fixed bed 

adsorption column with chitosan-bentonite clay nanocomposite films, it is 

found that that lower flow rate and large bed depth is favourable for treating 

higher volume of the aqueous solution. Slower breakthrough and longer 

residence time of nitrate ions in the bed could be achieved at lower infiltration 

velocity and higher bed height. Mathematical description of column 

parameters for various experimental conditions are shown in Table 4.13. Q 

represents the volumetric influent flow rate and ttotal is the total flow time in 

minutes. Veff is the treated volume of nitrate solution in mL. The total 

adsorbd nitrate ion is represented by qtotal while mtotal is the total amount of 

nitrate ion delivered to the column. 

 

Table 4.13  Mathematical description of fixed bed nitrate column parameters 

(C0=70 mg/L) 
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1 6 10 3 1260 7560 45776 274.656 529.2 51.9 91.55 33.66 

2 6 15 4.5 1920 11520 72153 432.918 806.4 53.66 96.20 32.42 

3 6 20 6 2400 14400 93480 560.88 1008 55.64 93.48 31.05 

4 6 15 4.5 1920 11520 72153 432.918 806.4 53.68 96.20 32.42 

5 10 15 4.5 1560 15600 56409 564.09 1092 51.65 125.35 33.84 

6 15 15 4.5 1080 16200 38995 584.925 1134 51.58 129.98 33.89 
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4.5  MODELING OF PACKED BED ADSORPTION COLUMN. 

4.5.1  Thomas Model 

The column data for different bed heights and flow rate were fitted to 

the linearized form of Thomas model. The model parameters kTh (mL/min mg) 

and maximum solid phase concentration q0 (mg/g) were determined from the 

experimental data by plotting   
  

  
   versus time. Plots for determining kTh 

and q0 for varying bed height and flow rate is shown in Fig. 4.33 and Fig 4.34 

respectively.The excellent fit of Thomas model shows that the external and 

internal diffusions were not the limiting steps. Similar trends have been 

reported elsewhere for nitrate adsorption onto amine cross linked reed 

(Zhongfei et al., 2016).  

 

 

Fig. 4.33. Plot for determining Thomas kinetic coefficient kTh (mL/min mg) 

and maximum solid phase concentration q0 (mg/g) for varying bed 

height  
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Fig. 4.34 Plot for determining Thomas kinetic coefficient kTh (mL/min mg) 

and maximum solid phase concentration q0 (mg/g) for varying 

flow rate 

 

Breakthrough curves predicted by Thomas model were compared with 

the experimental breakthrough curves. Fig 4.35 shows the comparison of 

experimental and theoretical breakthrough curves predicted by Thomas model 

for varying bed height. The smooth curve represents the prediction by Thomas 

model. The experimental and theoretical breakthrough curves predicted by 

Thomas model were superimposed, which indicates that there is a fit between 

experimental and predicted values of Cf/C0. Fig. 4.36 shows the comparison 

between experimental breakthrough curves and that predicted by Thomas 

model for varying flow rate.  
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Fig. 4.35 Comparison of experimental and theoretical breakthrough curves 

predicted by Thomas model for varying bed height  

 

 

Fig. 4.36 Comparison of experimental and theoretical breakthrough curves 

predicted by Thomas model for varying  flow rate 
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Thomas model is commonly used for the prediction of breakthrough 

analysis. The simplicity and accuracy of Thomas Model make it to suitable for 

the description of the breakthrough performance of the fixed bed adsorption 

column. The correlation coefficients in the determination of coefficients of the 

Thomas model for varying bed heights of 10 cm, 15 cm, and 20 cm were 

R
2
=0.99, R

2
=0.97and R

2
=0.94. The value of kTh was decreased (0.11 to 0.057)  

with bed heights increasing from 10 cm to 20 cm. It was attributed to the 

increased surface area of the nanocomposite films (Lim and Aris, 2014). 

Therefore higher bed heights would increase the adsorption of nitrate anions. 

It was found that q0 first increased and then decreased. The same results were 

also obtained for experimental data. The higher regression coefficients for 

varying bed depths showed that the parameters of the Thomas model were 

determined without much error. The value of Thomas kinetic coefficient for 

influent nitrate velocity of 6 mL/min, 10 mL/min, and 15 mL/min were 

calculated and obtained as 0.071, 0.086, and 0.128  mL/min mg. The increase 

in kTh with flow rate shows that the low flow rate is favorable for better 

adsorption. The parameters predicted by Thomas model for different 

experimental conditions in nitrate fixed bed adsorption column is shown in 

Table 4.14. 

 

Table 4.14 The Thomas model parameters at different flow rates and bed 

heights (initial concentration = 70 mg NO3-N/L) 
 

Model Parameter 
Q= 6 

mL/min 

Q=10 

mL/min 

Q=15 

mL/min 

BH=10 

cm 

BH=15 

cm 

BH=20 

cm 

Thomas 

model 

kTh, mL/min 

mg 
0.071 0.086 0.128 0.114 0.071 0.057 

q0 (mg/g) 114.29 165.28 146.09 98.16 115 97.93 

R
2
 0.97 0.96 0.98 0.99 0.97 0.94 
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4.5.2  Yoon Nelson Model 

The Yoon-Nelson model is applied in the continuous adsorption study 

of nitrate ions onto nanocomposite films. The requirement of fewer column 

data makes Yoon Nelson model a simple theoretical model.  This model is 

suitable for single-component systems (K. Garg and K. Kadirvelu, 2013). The  

Yoon Nelson rate constant (kYN) and time for 50% of adsorbate breakthrough 

(τ) were obtained from the linearized Yoon-Nelson equation. In the present 

work, the fit of experimental data was checked for the packed bed nitrate 

adsorption column. kYN and τ are determined graphically by plotting 

 ln (Cf/ (C0- Cf)) versus time. The plot for determining the Yoon Nelson 

coefficient for varying bed height and varying flow rates is depicted in Fig. 

4.37 and Fig 4.38 respectively. 

 

 

Fig. 4.37  Yoon Nelson parameters determination for varying bed height 
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Fig. 4.38 Determination of coefficients in the Yoon Nelson model for varying 

flow rate 
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Nelson model is an excellent method for determining the 50% breakthrough 

time for the nitrate column for varying flow rates. The parameters of the Yoon 

Nelson model for changing bed height and flow rate are shown in Table 4.15. 

Breakthrough curves predicted by Yoon Nelson model were analyzed 

graphically for change in bed height and flow rate. Fig. 4.39 and Fig 4.40 show 

the comparison of  breakthrough curves predicted by Yoon Nelson model for 

varying  bed height and flow rate respectively. 

 

Table 4.15. The Yoon Nelson model parameters at different flow rates and 

bed heights (initial concentration = 70 mg N/L) 
 

Model Parameter 
Q= 6 

mL/min 

Q=10 

mL/min 

Q=15 

mL/min 

BH=10 

cm 

BH=15 

cm 

BH=20 

cm 

Yoon 

Nelson 

model 

kYN, minute
-1

 0.005 0.006 0.009 0.008 0.005 0.004 

τ, hrs 20.4 17.7 10.4 11.7 20.5 23.3 

R
2
 0.96 0.97 0.97 0.99 0.97 0.94 

 

 

Fig. 4.39 Comparison of experimental and theoretical breakthrough curves by 

Yoon Nelson model for varying bed height 

 



Results and Discussion  

Removal of Nitrate Nitrogen and Ammonia Nitrogen From Aqueous Media Using Nano Biosorbents 
161 

 

Fig. 4.40 Comparison of experimental and theoretical breakthrough curves 

by Yoon Nelson model for different flow rates 

 

4.5.3  Adam Bohart Model 

The Adam Bohart model is usually selected for interpretation of the 

breakthrough time in the initial state of adsorption operation. In the current 

work on adsorption of nitrate on chitosan-bentonitenanocomposite film in a 

packed adsorption column, Adam Bohart kinetic constant kAB and saturation 

concentration N0 were determined. The Adam Bohart parameters have been 

obtained from the plot of ln(Cf/C0) vs. time. Fig 4.41 and Fig 4.42 depicts the 

plot for the determination of Adam Bohart model parameters for different bed 

heights and flow rates.  
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 Fig. 4.41 Determination of Adam Bohart model parameters for bed height = 

10 cm, 15 cm and 20 cm 

 

 

Fig. 4.42 Determination of Adam Bohart model parameters for different 

flow rate 
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Table 4.16 gives the computed Abam-Bohart model parameters at 

different flow rates and bed heights for initial nitrate concentration of 70 

mg/L. The A-B constant, kAB values for different bed heights 10 cm, 15 cm, 

and 20 cm was computed as 5.71, 4.28, and 2.85 respectively. An increase in 

the model’s saturation concentration N0 was also observed with an increase in 

bed height. The linear regression coefficient was in the range 0.68-0.82 for all 

the three-bed heights. When the flow rate was increased, the values of N0 is 

increased. As the flow rate increases, the volume of nitrate solution that 

entered the column was higher and caused the earlier saturation of the 

nanocomposite film packing. This shows that the physical mass transfer of the 

packed bed is contributing to adsorption kinetics (Xing et al., 2013). The 

linear regression coefficient for determining Adam Bohart parameters for the 

three flow rates lie between 0.76-0.93.  

 

Table 4.16. The Abam-Bohart model parameters at different flow rates and 

bed heights (initial concentration = 70 mg N/L) 

Model Parameter 
Q= 6 

mL/min 

Q=10 

mL/min 

Q=15 

mL/min 

BH=10 

cm 

BH=15 

cm 

BH=20 

cm 

Adam 

Bohart 

Model 

 

kAB, L/mg.min 

(10
-5

) 
4.28 5.71 5.71 5.71 4.28 2.85 

U0, cm/min 1.22 2.04 3.57 1.22 1.22 1.22 

N0, mg/L(10
3
) 9.6 12.6 15.4 9.4 9.6 9.71 

R
2
 0.76 0.84 0.93 0.82 0.76 0.68 

 

The breakthrough curves predicted by the A-B model and experimental 

values were plotted and compared. From the plot of breakthrough curves for 

the three-bed heights (Fig. 4.43), it can be observed that the curves were 

overlapping in the initial part of the column operation, but showed 

considerable change at the right end. The comparison between experimental 

and theoretical breakthrough curves for three different flow rates by Adam 

Bohart model is shown in Fig. 4.44. With an increase in the flow rate, bed 

saturation occurred faster. This is because more adsorbate enters the active site 

of the adsorbent when the flow rate is increased. 
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Fig. 4.43 Breakthrough curves by Adam Bohart Model and experimental for 

bed height=10 cm, 15 cm and 20 cm  
 

 

 
Fig. 4.44  Breakthrough curves by Adam Bohart Model and experimental for 

varying flow rate Q=6mL/min,10mL/min and 15 mL/min. 
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4.5.4 Comparison of Thomas model, Yoon Nelson model and Adam 

Bohart model 

The correlation between experimental and theoretical data of column 

operation was compared with three models. Correlation coefficients for three-

bed heights 10 cm, 15 cm, and 20 cm at a flow rate of 6 mL/min for Thomas 

and Yoon Nelson model is above 0.9. This shows that Thomas model and 

Yoon Nelson model were fitted to the experimental data well. The R
2
 values 

for different flow rates also show a significant correlation with R
2
>0.9. The 

exception indicates at an infiltration velocity of 10 mL/min. Adam Bohart 

correlation coefficients were low, and this model fitted only to the first part of 

the column operation for varying bed height and flow rate.  

 

Comparison of (Cf/C0)theoretical and (Cf/C0)experimental data for varying  bed 

height and flow rate by Thomas model is shown in Fig. 4.45 and Fig 4.46. The 

verification of (Cf/C0)theoretical and (Cf/C0)experimental by Yoon Nelson model for 

various bed height and flow rate  is given in Fig. 4.47 and and Fig 4.48. The 

experimental and theoretical data validation by Adam Bohart model for 

different bed height and flow rate is given by Fig. 4.49. and Fig 4.50  

respectively. 
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Fig. 4.45 Comparison of (Cf/C0) experimentaland (Cf/C0)theoretical by Thomas model 

for varying bed height 
 

 

 

Fig. 4.46  Comparison of (Cf/C0) experimentaland (Cf/C0)theoretical by Thomas 

model for varying  flow rate 
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Fig. 4.47 Comparison of (Cf/C0) experimentaland (Cf/C0)theoretical by Yoon 

Nelson model for varying  bed height 

 

 

 

Fig. 4.48  Comparison of (Cf/C0)experimental and (Cf/C0)theoretical by Yoon 

Nelson model for varying flow rate 
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Fig. 4.49 Comparison of (Cf/C0) experimental and (Cf/C0)theoretical by Adam 

Bohart model for varying bed height 

 

 

Fig. 4.50 Comparison of (Cf/C0) experimental and (Cf/C0)theoretical by Adam Bohart 

model for varying flow rate. 
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Correlation coefficients for experimental versus theoretical Cf/C0 by 

Thomas model, Yoon Nelson model, and Adam Bohart model for different 

bed heights and flow rates are shown in Table 4.17  and Table 4.18 

respectively. The calculated R
2
 values for the experimental conditions Q= 

6mL/min, Z=15 cm in the varying bed heights, and varying flow rates shows 

close agreement (R
2
=0.91 and 0.97 for Thomas model and R

2
=0.97 and 0.94 

for Yoon Nelson model). The lower R
2
 value of Adam Bohart's model shows 

the poor fit of the model to the data. Considering the higher R
2
 values and 

trend of the model parameters, it can be concluded that Thomas model and 

Yoon-Nelson model best described the continuous adsorption process. 

 

Table 4.17 Correlation coefficients for Thomas model, Yoon Nelson 

model and Adam Bohart model for different bed heights 

   

Q, 

mL/min 
Z, cm 

R
2 

(Thomas 

model) 

R
2 
(Yoon 

Nelson model) 

R
2 
(Adam Bohart 

Model) 

6 10 0.962 0.962 0.56 

6 15 0.912 0.97 0.59 

6 20 0.901 0.98 0.66 

 

Table 4.18 Correlation coefficients for Thomas model, Yoon Nelson model 

and Adam Bohart model for different flow rates. 
 

Q, mL/min Z, cm 
R

2 
(Thomas 

model) 

R
2 
(Yoon 

Nelson 

model) 

R
2 
(Adam 

Bohart 

Model) 

6 15 0.974 0.935 0.59 

10 15 0.978 0.74 0.43 

15 15 0.74 0.978 0.78 
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4.6.  BATCH ADSORPTION STUDY OF AMMONIA-NITROGEN 

REMOVAL USING CHITOSAN-BENTONITE 

NANOCOMPOSITE FILMS. 

The adsorption efficiency of ammonia nitrogen using chitosan-

bentonite nanocomposite films synthesized in the laboratory was analyzed 

through batch adsorption experiments. Batch experiments were conducted 

with 0.1 g of the adsorbent for ammonium chloride samples of volume 50 mL 

kept in a temperature controlled incubated shaker at 120 rpm. The residual 

concentration of ammoniacal nitrogen was determined by Nessler’s reagent 

colorimetric method using UV-VIS  spectrophotometer set at max = 430 nm. 

The influence of pH on ammonia adsorption is discussed in this section. 

Kinetics of adsorption, equilibrium isotherm and thermodynamic studies using 

novel chitosan nanoclay composite for ammonia uptake were analyzed. The 

combined effect of variables was studied using response surface methodology and 

the optimum conditions were determined for ammonia nitrogen removal using the 

response optimizer of Box-Behnken design The regeneration of nanocomposite 

films loaded with ammonium ions has been carried out  with 0.5 mol/L NaOH 

solution as eluent. The effect of pH and effect of temperature study has been 

repeated with recycled nanocomposite films. 

 

4.6.1  Effect of pH on Ammonia Nitrogen Removal by CH-B-NCF 

To study the effect of pH on adsorption of ammonia nitrogen, 0.1 g of 

nanocomposite films was added in 50 ml of 50 mg/L NH4
+
-N solution. Then 

the solution was shaken for 60 minutes in an incubated shaker at 303K. The 

pH was varied from 2 to 10. The effect of pH on % removal of ammonia 

nitrogen and adsorption capacity is shown in Fig. 4.51. As pH was increased, 

the efficiency of adsorption of NH4
+
-N increased and maximum removal was 
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obtained at pH 6. A sudden decrease in the adsorption capacity was seen both 

at strongly acidic medium and at strongly alkaline range. NH4
+
 and NH3.H2O 

are the two forms of ammonia nitrogen in solution. NH4
+
 is the main form of 

existence in acidic or neutral conditions. In alkaline conditions, NH4
+
 changes 

into NH3.H2O, which is not conducive to the adsorption of ammonia nitrogen 

and lowers the adsorption efficiency. Ammonia nitrogen is neutralized by 

hydroxyl ion and rendering it uncharged in alkaline medium. The solution 

enriched with H
+
 in the acidic condition will also hinder the adsorption of 

ammoniacal nitrogen. The –COOH and –COO are the two vital functional 

groups responsible for adsorption. The ionization of the, –COOH and –COO 

takes place both at acidic and basic medium. Accordingly there will be 

decrease in the electrostatic attraction between nanocomposite films and 

ammonium ions.  The pH value of the original working solution was 6.4. 

Therefore the pH of the working standard ammonia nitrogen is not adjusted in 

further experiments. 

 

Fig. 4.51 Effect of pH on percentage removal and adsorption efficiency of 

ammonia nitrogen using CH-B-NCF 
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4.6.2.  Adsorption Isotherms of Ammonia Nitrogen Uptake onto Chitosan 

BentoniteNanocomposite Films. 

The equilibrium studies were carried out by changing the initial 

concentration from 10 mg/L to 50 mg/L at room temperature. The adsorbent 

dosage was 0.1 g/ 50 m L. Shaking was performed at 120 rpm and 100 

minutes. Langmuir and Freundlich adsorption isotherms were analyzed in the 

ammonia nitrogen removal with CH-B-NCF. The isotherm plots have shown 

in Fig.4.52. The estimated model parameters of equilibrium isotherm have 

been summarized in Table 4.19. Langmuir, Freundlich, isotherm plots had R
2
 

as 0.81, 0.93 respectively. It is evident that the Freundlich isotherm was 

suitable than Langmuir isotherm for fitting to experimental data. The 

Freundlich adsorption gives an approach to surface heterogeneity and an 

exponential distribution of active sites and their energies (Xinggang Wang et 

al., 2014). The Freundlich constants Kf is related to adsorption capacity, and n 

is indicating the favourability of adsorption. Both Kf and 1/n have been 

calculated and obtained as 2.33 L/g and 0.77, respectively. The value of 1/n in 

the range of 0.1<1/n<1 indicates the adsorption of NH4
+
-N is favorable. The 

maximum adsorption capacity qm calculated from the Langmuir Isotherm 

model was 37.01 mg/g. The value of Langmuir constant obtained was KL= 

0.06 L/mg. The value of RL, which is an authoritative feature of the Langmuir 

isotherm model, should lie in the range 0<RL<1 for favorable adsorption. Here 

the values of RL at all concentrations are less than one, which shows that 

adsorption is favorable. It was found that the RL values were decreasing with 

increasing initial concentration. The results showed that more ammonia 

nitrogen molecules are penetrating the composite by diffusion in the initial 

stage of adsorption. The adsorption sites like –COO-,-OH are getting saturated 

by electrostatic attraction. The adsorption capacities of different adsorbents for 

removal of ammonia nitrogen has given in Table 4.20.  In this study, the value 

of qm is 37.01 mg/g, which is higher than the results made by the above 

scientists for the removal of ammonia nitrogen.  
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Table 4.19  Equilibrium parameters for adsorption of NH4
+
-N on to chitosan 

bentonitenanocomposite films 

Langmuir Isotherm Freundlich Isotherm 

qm, mg/g b, L/mg R
2
 Kf, mg/g(mg/L)

n
 n R

2
 

37.01 0.06 0.81 2.33 1.28 0.93 

 

Table 4.20 Ammonia nitrogen adsorption capacities of various adsorbents 

Adsorbent 

Adsorption 

Capacity 

(mg/g) 

Reference 

Zeolite synthesized from fly ash 24.3 Mulan et al., 2011 

Chitosan polyacrylic acid 

composite 
21.1 Yian et al., 2009 

Starch based hydrogel 

nanocomposite 
19.0 Batool et al., 2015 

Chitosan bentonie nanocomposite 

films 
37.0 Present study 

 

Fig 4.53 shows the equilibrium data of ammonia nitrogen removal 

from aqueous solution fitted to Langmuir and Freundlich isotherms. A slight 

variation is seen at higher initial concentrations. 
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Fig 4.52 Langmuir and Freundlich isotherm plots for ammonia nitrogen 

adsorption onto CH-B-NCF. 
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Fig 4.53  Equilibrium data of ammonia removal from aqueous solution fitted 

to Langmuir and Freundlich isotherms 

 

4.6.3.  Kinetics of Adsorption of Ammonia Nitrogen onto CH-B-NCF 

Kinetic analysis is a prerequisite to find the frequency of adsorption 

and rate-limiting step that is involved in the design of adsorption on a large 

scale. In this study, the adsorption was rapid, and the removal efficiency was 

improved with the rise in adsorption process time and reached equilibrium in 

60 minutes. The insignificant removal efficiency after one hour is attributed to 

the low solute concentration gradient and lack of adsorption sites. Here 

pseudo-first-order, second order, and pseudo-second-order kinetic models 

were used to analyze the data obtained. Fig 4.54 shows the kinetic plots of 

adsorption of ammonia nitrogen onto CH-B-NCF. The kinetic parameters and 

correlation coefficients of three kinetic models have tabulated in Table.4.20. 

The R
2
 values of pseudo-second-order, pseudo-first-order, and the second-

order were obtained as R
2
=0.99, R

2
=0.45, and R

2
=0.38, respectively. This 
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shows that the reaction follows pseudo-second-order. The very small R
2
values 

indicates that pseudo-first-order and second-order models are poorly fitted to 

the adsorption of ammonium ions on the surface of nanocomposite films. The 

experimental qevalue was 11.4 mg/g, and qe calculated using pseudo-second-

order kinetics was 11.49 mg/g. The fitting of ammonium adsorption kinetic 

data to pseudo-second-order model was observed by other researchers can be 

seen in the literature (Aref et al.,2014; Haiming  et al., 2010) The pseudo-

second-order rate constant was obtained as 0.00426 g mg
-1

 min
-1

. The kinetic 

constants have been depicted in Table 4.21 
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Fig  4.54 Kinetic plots for ammonia nitrogen adsorption onto CH-B-NCF 

 

The kinetic data were further analyzed with two kinetic diffusion 

models, intraparticle diffusion model, and Dunwald Wagner film diffusion 

model and are shown in Fig 4.55  In the present study, the intraparticle rate 

constant is 0.099 mg/g/min
1/2

, and the slop is 10.34, respectively (R
2
=0.0.67). 

In the Weber-Morris intraparticle diffusion plot, the initial curve represents the 

boundary layer effect, and the straight line represents intra-particle-diffusion. 
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The multi-linearity in the plot shows that the intraparticle diffusion is not the 

sole rate-limiting step. There is the possibility of both particle and pore 

diffusion in the adsorption process. Dunwald-Wagner diffusion model showed 

pure fit with R
2
=0.39. 

 

 

Fig 4.55 Kinetics of adsorption diffusion model of ammonia nitrogen onto 

chitosan bentonite nanocomposite films. 
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Table 4.21  The kinetic constants and correlation coefficients for adsorption of 

ammonia nitrogen on to chitosan bentonitenanocomposite films. 

 

Experimental Pseudo first order Second order Pseudo second order 

qeexp, 

mg/g 

qecal, 

mg/g 
R

2
 

k1 

min
-1

 

qecal, 

mg/g 
R

2
 

K2, 

g.mg
-1

 

min
-1

 

qecal, 

mg/g 
R

2
 

k2, 

g.mg
-1

 min
-1

 

11.4 0.17 0.45 0.004 0.3 0.38 0.001 11.49 0.99 0.007 

 

4.6.4  Thermodynamics of Adsorption of Ammonia Nitrogen onto  

CH-B-NCF. 

Thermodynamic study in adsorption process helped to find the intensity and 

driving force. The adsorption of ammonium at different temperatures 30
0
C-

70
0
C revealed a decrease in adsorption with increase in temperature. For an 

initial concentration 50mg/L highest qe obtained was 21.2 mg/g at a 

temperature of 40
0
C. A slight increase in adsorption capacity at 40 

0
C may be 

due to the enhancement of retarding forces acting on the adsorbent .The 

affinity of ammonium molecules to move from solid phase to liquid phase, 

enhanced solubility of ammonium and the weakening of ion exchange 

mechanism at higher temperatures lead this adsorption process exothermic 

(Mehmet and Hamdi, 2011). The results suggest that the adsorption capacity is 

affected by temperature. The Gibbs function of ammonia nitrogen adsorption 

has depicted in Fig 4.56. The negative value of Gibb’s energy and enthalpy 

specify that the process is spontaneous and exothermic respectively. As 

temperature rises, ∆G is increases, means that nanocomposite film adsorption 

of ammonium ions is better at lower temperatures. The positive value of ∆S 

clearly indicate that the rise in entropy by the ion exchange process is greater 

than the entropy reduction by the solute adsorption process (Hanxin et al., 
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2012). Change of thermodynamic parameters with temperatures have 

summarized in Table 4.22. 

 

 

Fig. 4.56. Free energy change of adsorption of ammonium ions using 

chitosan bentonite  nanoclay adsorbent versus temperature 

 

Table 4.22 Distribution coefficients and thermodynamic parameters for 

ammonia nitrogen adsorption onto CH-B-NCF. 

Temperature,K Kd 
∆G, 

kJ/mol 
∆H, kJ/mol 

∆S, 

kJ/mol 

303 2.41 -7.30 

-67.11 0.194 

313 2.83 -8.66 

323 1.81 -4.96 

333 1.45 -3.11 

343 1.04 -0.35 

 

y = 0.1945x - 67.711 
R² = 0.864 

-10

-9

-8

-7

-6

-5

-4

-3

-2

-1

0

300 310 320 330 340 350

∆
G

 

Temperature,K 

∆G vs T 



Results and Discussion  

Removal of Nitrate Nitrogen and Ammonia Nitrogen From Aqueous Media Using Nano Biosorbents 
181 

4.6.5  Characterisation of Nanocomposite Films 

The surface morphology and elemental analysis of chitosan-bentonite 

nanocomposite films before and after ammonia nitrogen adsorption were done 

with scanning electron microscopy equipped with energy-dispersive X-ray 

spectroscopy. A description of Scanning electron microscopy and 

Thermogravimetric analysis of chitosan bentonitenanoclay film composite has 

been explained in section 4.3.9 and 4.3.11. Fourier transform infrared 

spectroscopy (FTIR) of the nanocomposite films before and after ammonium 

adsorption has described in this section. 

 

4.6.6 Scanning Electron Microscopy equipped with Energy Dispersive  

X-ray Spectroscopy 

The surface physical morphology of nanocomposite films before and 

after adsorption was analyzed by scanning electron microscopy. The SEM 

images of chitosan bentonite films after ammonia nitrogen has shown in 

Fig.4.57. The porous and coarse surface of the films decreased after adsorption 

shows that ammonium ions occupy adsorption sites 

. 

 

Fig 4.57. SEM Image of nanocomposite film after ammonia nitrogen 

adsorption at different magnifications 
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EDX of chitosan bentonite films before and after ammonium 

adsorption is shown in Fig. 4.58 and Fig 4.59 respectively. The EDAX 

spectrum analysis indicates that the weight percentage of carbon and oxygen 

has reduced from 52.38% and 37.22% to 47.66% and 36.88 % after 

adsorption. Meanwhile, the weight percentage of nitrogen has increased from 

1.96% to 2.26%. This result shows that the NH4
+
-N adsorption capacity of the 

prepared nanocomposite films. (Gefeniene A et al., 2006). The EDAX 

analysis is doing at a higher temperature, some ammonia nitrogen may 

volatilize as gas, and otherwise, a higher weight percentage of the elemental 

nitrogen may be there on the films after adsorption. 

 

 

Fig. 4.58 EDX of chitosan bentonite film composite before ammonium 

adsorption 
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Fig. 4.59 EDX of chitosan bentonite film composite after ammonium 

adsorption 

 

4.6.7   FT-IR Studies on Ammonia Nitrogen Removal by CH-B-NCF 

Fig 4.60 and Fig 4..61 shows the chitosan nanoclay composite film 

spectral analysis before and after ammonium adsorption. The characteristic 

bands are seen between the wavelength of 1000cm
−1

 and 1600 cm
−1

. It is 

observed that considerable change in the frequency of nanocomposite after 

adsorption is mainly in the series of 3400 cm
-1

 and 1600 cm
-1

, where –OH and 

-COO- bonds are present. The significant difference in this wavelength range 

shows that the adsorption is occurred mainly due to electrostatic attraction of  

–OH and -COO- with NH4
+
 ions (Xinggang et al., 2014). Also, the intensity of 
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the broad characteristic adsorption peak (1415 cm
-1

) of NH4Cl is seen in the 

film after adsorption. 

 

Fig. 4.60 FTIR of Raw Chitosan bentonite  nanocomposite film 

 

 

Fig. 4.61 FTIR of Chitosan Bentonite  nanocomposite film after ammonium 

adsorption. 
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4.6.8  Application of Response Surface Methodology for NH4+-N 

Removal Using Nanocomposite Films 

RSM is a statistical method that helps to enumerate the significance of 

the effect of different variables on the response of interest of the particular 

process (Soumasree et al., 2012). The relationship between several 

explanatory variables and one or more response variables is explored using 

response surface methodology. A sequence of designed experiments is being 

used to obtain an optimal response. A second-order degree polynomial 

equation is used in RSM to develop the model equation (Yuanhao and Majid 

2015). In the present study, Box-Behnken Design was carried out using four 

factors (initial concentration, pH, time, and temperature) with three centre 

points and one replication. The parameters prescribed in three levels coded as 

+1 for high, 0 for intermediate, and -1 for the low value. In this study, the 

analysis was carried out in coded units to eliminate statistical errors due to the 

difference in the scale of measurements. The range and level of parameters 

used in the design of experiments were obtained by conducting batch 

experiments. The range of variables chosen for the experimental design of the 

adsorption process is shown in Table 4.23. 

 

 Table 4.23  Coded levels of independent variables in Box-Behnken design 

for NH4
+
-N using chitosan bentonitenanocomposite films 

Variables 
Actually coded levels 

Low (-1) High (-1) 

pH 4 10 

Temperature 30 70 

Initial Concentration 10 50 

Time of Contact 20 140 
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Design of experiments using Box Behnken method under response 

surface methodology gave 27 combinations of four factors viz. pH, 

temperature, initial concentration and time The shaking speed was 120 rpm 

and adsorbent dosage was 0.1g/50mL. The 27 sets are shown in the Table 

4.24. 

Table 4.24  Experimental design for removal of ammonia nitrogen using 

chitosan-bentonitenanocomposite films. 

Run No pH 
Temperature, 

0
C 

Initial 

concentration, mg/L 

Time, 

minutes 

NH3-N 

removal,% 

1 2 50 30 140 85.0 

2 2 50 30 21 81.0 

3 6 50 30 80 94.0 

4 6 50 10 20 84.0 

5 2 70 30 80 70.0 

6 10 50 30 140 78.0 

7 6 50 50 140 62.0 

8 6 30 50 80 88.0 

9 6 30 30 140 72.0 

10 2 50 50 80 66.0 

11 10 30 30 80 80.0 

12 6 50 30 80 92.0 

13 6 70 50 80 85.0 

14 2 50 10 80 80.0 

15 10 50 10 80 79.0 

16 2 30 30 80 75.0 

Table Contd.. 
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Run No pH 
Temperature, 

0
C 

Initial 

concentration, mg/L 

Time, 

minutes 

NH3-N 

removal,% 

17 10 50 30 20 83.0 

18 6 50 30 80 92.0 

19 6 50 10 140 70.0 

20 6 30 30 20 84.0 

21 6 70 10 80 83.0 

22 6 70 30 140 65.0 

23 6 30 10 80 84.0 

24 6 70 30 20 81.0 

25 10 70 30 80 65.0 

26 10 50 50 80 61.0 

27 6 50 50 20 81.0 

 

The equation (4.2) represents the model equation for efficiency in uncoded 

terms. 

Model equation is given by: 

                                                        

                                                            

                                         (4.2)  

 

The estimated regression coefficients in uncoded units are shown in the 

Table 4.25. The p and t-test were used to analyze the significance of the 

regression coefficients. 

 

 



Chapter 4 

                           Removal of Nitrate Nitrogen and Ammonia Nitrogen From Aqueous Media  Using Nano Biosorbents 
188 

Table 4.25 Coefficients of the model equation and t, p, (1-p) values for 

ammonia nitrogen removal by nanocomposite films 
 

Factor 
Regression Coefficients in 

uncoded units 
t value p value 

significance 

level (1-p), % 

12 -0.057 18.57 0.000 >99 

pH 0.1011 78.37 0.020 98 

TEMP 0.0180 184.14 0.008 >99 

CONC. 0.01223 66.24 0.024 97.6 

TIME 0.00369 251.07 0.001 >99 

pH*pH -0.00638 211.73 0.018 98.2 

TEMP*TEMP -0.000165 41.76 0.104 89.6 

CONC*CONC -0.000193 122.06 0.036 96.4 

TIME*TIME -0.000020 70.96 0.041 95.9 

pH* TEMP -0.000313 87.58 0.047 95.3 

pH* CONC -0.000125 21.23 0.021 97.9 

pH* TIME -0.000094 34.52 0.002 >99 

TEMP*CONC -0.000013 76.12 0.010 99 

TEMP*TIME -0.000008 61.23 0.007 >99 

CONC*TIME -0.00001 92.29 0.034 96.6 

 

From the model equation, it is observed that efficiency is mostly 

influenced by pH and temperature, while initial concentration and time have a 

lesser influence on adsorption of ammonium ions onto CH-B-NCF. The 

significance level of temperature was higher than 99%, and that of pH was 98 

%. The interaction of pH and time has (1-p)> 99%. Also, the interaction of 

temperature and time has a higher level of significance >99%. This shows that 
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changes in temperature and pH are mostly influencing the functional groups, 

which are responsible for adsorption through electrostatic interaction and ion 

exchange (Suryadi et al.,2015) 

 

Experimental versus predicted efficiency for NH4
+
-N removal by 

chitosan bentonitenanoclay films is shown in Fig. 4.62. From statistical 

verification, it is seen that the model for efficiency given by Box- Behnken 

design fits well with the experimental data. The R
2 

was found to be 0.923 

(R
2
adj. =0.923), indicating that the empirical model could not describe only 

less than 7.8% of the total variation. 

 

Fig. 4.62  Fitted line plot for ammonia nitrogen removal by CH-B-NCF 

 

The interaction between variables and ANOVA (Analysis of variance) 

was also studied. (Olmez et al., 2009). Analysis of variance of regression 

parameters of the predicted response surface quadratic model for percentage 

efficiency for ammonia nitrogen removal using chitosan-bentonite 

nanocomposite films is shown in Table 4.26. The model F-value of 228.56 
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specified the statistical significance for ammonia removal and the probability 

of F value is less than 0.05. The higher F value for the regression coefficient 

as 228.5 expresses that the model from BBD can well direct the design space. 

 

Table 4.26  Analysis of variance for adsorption of ammonia nitrogen onto 

chitosan bentonitenanocomposite films 

Source 

degrees 

of 

freedom 

sum of 

squares 

mean 

Square 
F P Significance Remark 

Regression 14 0.134 0.0095 228.56 0.039 96.1 Significant 

Linear 4 0.054 0.0135 1.81 0.002 99.8 Significant 

Square 4 0.0734 0.0183 2.46 0.102 89.8 Insignificant 

Interaction 6 0.006 0.0010 0.13 0.089 91.1 Significant 

residual 

error 
12 0.090 0.0074     

lack of fit 10 0.089 0.009 2.24 0.102 89.7  Insignificant 

pure error 2 0.003 0.0013     

Total 26       

 

 The probability values of more than 0.1 show that the model terms are 

insubstantial. For square parameters, the P-value was 0.102, which is higher 

than 0.1, representing that this model term is insignificant and hence could be 

excluded from the model (Mohammed  Bashir et al., 2010).  
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4.6.9 Optimization of Ammonia Nitrogen Using Response Surface 

Methodology 

An optimization plot provides the deviation of the predicted responses 

with the variables. The pinnacle point of the surface plot gives the optimum 

conditions (Solomon et al., 2015). The optimization was carried out using the 

response optimizer of Minitab 18. The optimization plot of ammonia nitrogen 

removal using chitosan bentonitenanocomposite films is shown in Fig. 4.63. 

According to the prediction by the model, the optimum time for experimenting 

was 60 minutes, with an initial NH4
+
-N concentration of 26.56 ppm. The 

solution pH and temperature were to be maintained at 6 and 46.16, 

respectively. Then the predicted removal efficiency by the model was 94.03%. 

Batch experiments were conducted with the conditions predicted by Box- 

Behnken design, and a removal efficiency 94 % was obtained, which is in par 

with the expected response value. For the optimum conditions, the desirability 

function value was 1.0, which was found from the response optimizer plot 

(Hanxin et al., 2012). 

 

 

Fig. 4.63. Optimization plot for NH4
+
-N removal 
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4.6.10. Combined Effect of Variables on Adsorption of Ammonia 

Nitrogen Using CH-B-NCF. 

  The study of combined effect is significant if a process is influenced by 

more than  one variables. The surface plots of response surface methodology were 

used to describe the combined effects of the parameters affecting adsorption. The 

combined consequence of temperature and pH is highly significant in the 

ANOVA. Response surface methodology was employed to evaluate the 

interaction among the independent variables. The surface and contour plots of 

temperature and pH is shown in fig 4.64. The conjugate impact of time and 

temperature on percentage removal of ammonia is shown in figure 4.65 . From 

the plot, it is found that percentage recovery decrease rapidly with temperature 

after 46
0
C, which shows the exothermic nature of the process. The surface of the 

nanocomposite films attracts ammonia nitrogen in ionic forms during adsorption. 

So any reaction condition that enhance changed ionic form to non-ionic gaseous 

form could disturb the removal capacity. The combined effect of temperature and 

pH decreases the ammonia nitrogen uptake efficiency. The transformation of 

ammonium ions into ammonia gas at elevated temperature and pH is significant. 

The adsorption of ammonia at slighter temperature rise from room temperature 

may be resulting from the enhancement of the adsorption surface and increased 

chemical attraction of ions onto nanocomposite films. From the 3-D response 

surface plot of the combined effect of temperature and pH (concentration=30 ppm 

and time=80 minutes), it is clear that ammonia removal increases with an increase 

in both temperatures up to 46 
0
C and pH 6. The surface and contour plots of the 

combined effect of time and pH are shown in figure 4.66. Also, the combined 

effect of concentration and temperature is depicted in Fig 4.67. 
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Fig 4. 64. Surface and contour  plots of combined effect of temperature and pH 

 

 

 

Fig 4.65.Surface and contour plots of combined effect of temperature and time 
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Fig 4.66. Contour and Surface Plots of combined effect of Time and pH 

 

Fig 4.67. Contour and surface plots of combined effect of concentration and 

temperature 

 

 

TEMP 50
CONC30

Hold Values

7.0

0.8

3
6

051

001

50

9

9.0

oC/)tC-oC(=FFE

EMIT

Hp

urface Plot of EFF=(  o-Ct)/Co vs TIME,S pHC

TEMP 50
CONC 30

Hold Values

pH

T
IM

E

1098765432

140

120

100

80

60

40

20

>  

–  

–  
–  

–  

<  0.70

0.70 0.75

0.75 0.80
0.80 0.85

0.85 0.90

0.90

(Co-Ct)/Co

EFF=

Contour Plot of EFF=(Co-Ct)/Co vs TIME, pH

pH 6
TIME 80

Hold Values

.750

800.

0.85

30
45

60

55

04

25

01
57

.0 90

oC/)tC-oC(=FFE

CNOC

PMET

urface Plot of EFF=(C E-Ct)/Co vs CONC, TS MPo

pH 6
TIME 80

Hold Values

TEMP

C
O

N
C

7060504030

50

40

30

20

10

>  

–  
–  

–  

<  0.75

0.75 0.80

0.80 0.85
0.85 0.90

0.90

(Co-Ct)/Co

EFF=

Contour Plot of EFF=(Co-Ct)/Co vs CONC, TEMP



Results and Discussion  

Removal of Nitrate Nitrogen and Ammonia Nitrogen From Aqueous Media Using Nano Biosorbents 
195 

4.6.11  Desorption Studies of Ammonia Nitrogen 

The development of methods for reuse of the adsorbent is important to 

reduce the treatment costs in a water treatment plant. In the present work, 0.5 

M NaOH solution has been used for desorption experiments. 50 mL of NaOH 

solution was mixed with 2 g of ammonia nitrogen saturated chitosan-bentonite 

nanocomposite films. The mixture was stirred for 60 minutes at an agitation 

speed of 120 rpm room temperature. The adsorbent residue after shaking was 

then separated from the solution using Whatman 0.45 filter paper. Then 

washed with 50 mL distilledwater for 10 minutes.The nanocomposite films 

obtained after washing was dried at 100 
0
C for one hour. The study on the 

effect of pH and the effect of temperature was repeated with the regenerated 

adsorbents.The results obtained  with the regenerated nanocomposite films 

show analogous trends with those of virgin nanocomposite films. The 

maximum ammonia nitrogen removal with recycled adsorbent was occured at 

pH 6 . The study of effect of temperature also showed comparable removal as 

that of original nanocomposite films. Fig 4.68 shows the comparison of uptake 

capacities of original and regenerated nanocomposite films towards change in 

pH and temperature. The slight decrease in the ammonium uptake is attributed 

to the partial structural demolition of the films during regeneration process 

(Mulan et al., 2011). The active sites available may be not available in the 

recycled adsorbents. 

 

 

 

 

 

 



Chapter 4 

                           Removal of Nitrate Nitrogen and Ammonia Nitrogen From Aqueous Media  Using Nano Biosorbents 
196 

 

Fig 4.68 Comparison of removal performance of virgin and regenerated 

nanocomposite films for varying pH and Temperature.  

 

4.7 SUMMARY 

In this chapter, the adsorptive removal of nitrate-nitrogen using two 

adsorbents, Fe loaded chitosan nutmeg shell powder and chitosan-bentonite 

nanoclay films have been studied. The kinetic, equilibrium, and thermodynamic 

analysis of the results of  the batch studies were conducted. The characterization 

of the adsorbents was done. Both adsorbents possessed higher adsorption 

capacities. The adsorption capacity of Fe-CH-NSP was 83.3 mg/g, and chitosan-

bentonite nanocomposite films reported an adsorption capacity of 76.9 mg/g 

nitrate-nitrogen. No harsh chemicals were used in the preparation of 

nanocomposite films, which is favourable its use in a water treatment system. 

Also, considering the ease of handling, nanocomposite films were selected for 

the continuous study. The adsorptive removal of ammonia nitrogen with 

chitosan-bentonite nanocomposite films has also been studied and found 

significant removal. Optimization of nitrate nitrogen and ammonia nitrogen 

adsorption using nanocomposite films was conducted using RSM. The model 

equation of the second order was developed, and it was validated. Optimization 

using the response optimizer was carried out, and it was verified. The fixed bed 
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nitrate column was fabricated with chitosan-bentonite clay nanocomposite film 

as adsorbent, and the effect of change in bed height and influent velocity in the 

column were analyzed. The modeling of the column was performed using the 

Thomas model, Yoon Nelson model, and Adam Bohart model. From the 

experimental results it can be concluded that chitosan-bentonite nanocomposite 

films are promising adsorbents for the removal of nitrate-nitrogen and ammonia 

nitrogen from aqueous solutions. 

……..…….. 
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CHAPTER 5 

 SUMMARY AND CONCLUSIONS  

 
5.1  SUMMARY 

Nitrogen pollution is mainly resulting from nitrogenous fertilizers, 

livestock farms, septic systems, industrial processes, nitrogen oxide emissions, 

and municipal solid waste systems. The adverse impacts of overloading of 

nitrogenous wastes like nitrates, nitrites, and ammonia nitrogen in sensitive 

ecosystems are becoming increasingly noticeable. The highly soluble nitrates 

and ammonia nitrogen enters the surface and ground waters by leaching and 

affects the quality of drinking water. The USEPA and WHO has set a 

maximum contaminant level of 10 mg/L for nitrate-nitrogen and 1 mg/L for 

nitrite nitrogen. There are various methods for removing nitrogen compounds 

from aqueous solutions like denitrification, ion exchange, reverse osmosis, and 

electrochemical methods. All these methods suffer from certain drawbacks in 

one form or another. 

 

The adsorption process is commonly considered superior in water 

treatment because of its convenience, ease of operation, and simplicity of 

design. The adsorption process has broader applicability in wastewater 

treatment because it can remove or minimize different types of organic and 

inorganic pollutants from the water or wastewater.  

 

A variety of adsorbents are available for removing nitrate nitrogen and 

ammonia nitrogen. The specific surface area and pore size distribution are the 

essential characteristics that govern the properties of a suitable adsorbent. In 

the last few decades, nanoparticles have attracted much attention in 

wastewater treatment. The large surface area and pore size distribution of 
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nanomaterials are attributed to the higher removal efficiency in adsorption. 

Different methods have been reported for the synthesis of nanoparticles, but 

looking from the present circumstance of our environment, suitable methods 

should be developed with safer, less toxic, and easily degradable chemicals. 

The use of biomaterials as a precursor for developing nanomaterials is a new 

research interest nowadays. The concept of green synthesis of nanosorbents 

from biological systems is environmentally friendly and stable. Present work 

aimed at developing a suitable nanomaterial-based adsorbent for the removal 

of low concentration of nitrate-nitrogen and ammonia nitrogen from aqueous 

solution.  

 

Two biosorbent composite materials were used in the study. (1) Iron 

loaded chitosan nutmeg shell powder (Fe-CH-NSP) and (2) Chitosan bentonite 

nanocomposite films (CH-B-NCF). Iron modified nutmeg shell powder was 

prepared by using chitosan as the bridging reagent..  Fe (II) and Fe (III) salts 

in the presence of NaOH solution is used for the magnetic activation of 

nutmeg shell powder. One of the drawbacks while using the nanomaterials as 

adsorbent is the difficulty in separating the material after adsorption. 

Nanomaterials can be made as a composite with a suitable matrix, and the 

composite can be used as an adsorbent in contaminant removal. Chitosan is 

compatible with bentonite nanoclay. In the present study cross linked 

chitosan-bentonite nanocomposite films (CH-B-NCF) were synthesized by the 

intercalation of chitosan in bentonite. The nanocomposite film was used for 

adsorption of both nitrate nitrogen and ammonia nitrogen. The optimization of 

batch adsorption was carried out with design of experiments using response 

surface methodology of Minitab. 
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A fixed bed, continuous packed bed nitrate column, was fabricated 

using chitosan bentonite nanocomposite films, and experiments were 

performed. The breakthrough curves were analyzed for varying bed heights 

and flow rates, and the column was modeled using the Thomas model, Yoon 

Nelson model, and Adam Bohart model. 

 

5.2  CONCLUSIONS OF BATCH STUDY  

 Fe-CH-NSP was used for batch adsorption of nitrate nitrogen (NO3-N) 

from synthetically prepared nitrate solutions. A higher uptake of nitrate-

nitrogen was observed at pH 8. Initially there was an increase in nitrate 

removal with initial concentration but beyond 60 mg/L, the removal 

efficiency showed a decreasing trend. After 90 minutes of shaking time, 

the adsorption reached an equilibrium  state. The results of batch 

experiments carried out using CH-B-NCF for the removal of NO3-N 

showed that acidic condition was favourable for adsorption process and 

the other entire batch studies were carried out at pH 4.0. The equilibrium 

time for adsorption was 60 minutes.  

 The equilibrium adsorption data fitted more to Langmuir isotherm 

model for adsorption of NO3-N with Fe-CH-NSP and CH-B-NCF. The 

Fe-CH-NSP offers a maximum equilibrium adsorption capacity of 83.3 

mg/g NO3-N (pH=8, mass of adsorbent=0.1g, temperature=30
0
C), and 

chitosan-bentonite nanocomposite films yield an uptake of 73.3 mg/g 

nitrate nitrogen (pH=4, mass of adsorbent=0.1g, temperature=30
0
C).  

 The experimental batch adsorption data of nitrate removal with Fe-CH-

NSP and CH-B-NCF fitted more to pseudo second order kinetic reaction 

model with R
2
=0.99. The Weber-Morris intraparticle diffusion analysis 

showed significant boundary layer effect and intraparticle diffusion is 

not the sole rate-limiting step.  

 Thermodynamic studies on NO3-N removal by Fe-CH-NSP and CH-B-

NCF, gave negative values of ∆G, which postulates that process is 

spontaneous and feasible. The negative values of change in enthalpy 
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established the exothermic nature of the process. The value of ∆S was 

found to be positive, which indicates an increase in randomness in the 

adsorption process.  

 The optimization of adsorption of NO3-N by CH-B-NCF by RSM 

showed that 88.43% removal was obtained at initial concentration of 

100 mg/L by providing 120 minutes adsorption time. The adsorbent 

dosage was 1 g/L. The model was experimentally validated. It has 

explained in section 4.3.6. 

 The desorption study of chitosan bentonite nanocomposite film after 

nitrate adsorption showed that 1M NaCl could be used as a desorbent 

and the desorption efficiency decreased with increase in adsorption-

desorption cycle. 

 Chitosan bentonite nanocomposite films were used for batch adsorption 

of ammonia nitrogen. The effect of pH study showed that both acidic 

and alkaline medium is not conducive to ammonia nitrogen adsorption. 

So pH of 6 was selected for further experiments. 

 The experimental batch adsorption data of adsorption of NH4
+
-N using 

chitosan-bentonite nanocomposite films fitted more to pseudo second 

order kinetics and the equilibrium adsorption data fitted more to 

Freundlich isotherm model. The maximum equilibrium adsorption 

capacity of ammonia nitrogen with nanocomposite films was 37.01 

mg/g. 

  In the stastical evaluation of adsorption of NH4
+
-N  with chitosan 

bentonite nanocomposite films using RSM, 94.03% removal of NH4
+
-N 

was obtained at 26.56 mg/L initial NH4
+
-N concentration with 0.1g/ 50 

mL of adsorbent dosage. The optimum time of adsorption was 60 

minutes at pH 6.0.The model was experimentally validated. 

 The regeneration of nanocomposite films loaded with ammonia nitrogen 

was done with 0.5M NaOH. The comparison of removal performance of 

virgin and regenerated nanocomposite films for varying pH and 

temperature study showed that recycled adsorbents could be reused. 
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 Based on the adsorbents regeneration capacity, effortless separation and 

column behaviour, it is concluded that chitosan-bentonite nano 

composite films could be used as potential adsorbent for nitrate nitrogen 

and ammonia nitrogen removal from aqueous solutions. 

5.3  CONCLUSIONS OF FIXED BED STUDY 

 The analysis of breakthrough curves at bed heights of 10 cm, 15 cm and 

20 cm showed that higher the bed height, more volume of water could 

be treated before breakthrough. The breakthrough time was higher for 

20 cm bed than for 10 and 15 cm beds. 

 The bed was operated at 6 mL/min, 10 mL/min, and 15 mL/min to study 

the effect of flow rate on breakthrough curve appearance. From the 

experimental results the breakthrough curve was found to shift from 

right to left as the flow rate was increased. Low flow rate was found to 

be favorable for treating higher volume of feed in the fixed bed packed 

adsorption column. 

 The longer bed delayed the exhaustion time of nanocomposite films. 

The bed was able to operate for a longer period without changing the 

adsorbent. The shorter bed height of 10 cm approached faster exhaustion 

and a declined performance was observed. 

 Mathematical modeling of the column was carried out using Thomas 

model, Yoon Nelson model and Adam Bohart model. The model 

equations showed that Thomas model and Yoon Nelson model fitted 

well to the experimental data. Adam Bohart model fitted best to the 

initial part of the column operation. 

5.4  LIMITATIONS OF THE STUDY  

 Real wastewater samples could not be used for NO3-N and NH4
+
-N 

removal study under batch as well as continuous mode. 

 Effect of co-ions in the aqueous media was not taken up for study. 
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 Empty Bed Contact Time (EBCT) was not considered in the operation 

of fixed bed column. 

 Hydrodynamic study of fixed bed nitrate column using chitosan-

bentonitenanocomposite films was not conducted 

 Surface characterization of the adsorbents was not carried out as part of 

the study 

5.5  SCOPE FOR FUTURE RESEARCH 

 Surface modification of synthesized adsorbents could be carried out to 

get higher removal efficiency and adsorption capacity. 

 The effects of thickness of chitosan-bentonite nanocomposite films on 

NO3-N and NH4
+
-N adsorption can be taken up for further study. 

 The effect of chitosan to bentonite nanoclay weight ratio in the 

nanocomposite films on adsorption efficiency could be assessed in both 

batch and fixed bed operation. 

 The role of pKa values on pH and point of zero charge for both the 

adsorbents could be studied to verify the better effect of pH 

 The mechanical and thermal stability of the chitosan-bentonite 

nanocomposite films could be assessed in both batch and fixed bed 

operation. 

 A study on convective mass transfer and film diffusion could be taken 

up for further study 

……..…….. 
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ANNEXURES 

Annexure I  (Section 3.4) 

Calibration of UV-vis Spectrophotometer 

Equipment used- Hitachi U-2900 

Method- Calibration curve was plotted by taking 0, 1, 2, 3, 4, 5, 6, 7, ppm 

nitrate solution and noting the absorbance for each concentration at 220 nm 

and 275 nm. From the corrected sample absorbance calibration curve (Fig. 

A1) the concentration of nitrate nitrogen can be measured. 

 

 

Fig. A1 Standard calibration curve of UV vis spectrophotometer (Nitrate) 

 The ammonium ions are detected by Nesslerization method.Calibration 

curve was plotted by taking  1, 2, 3, 4, 5, 6, 7, 8,10,15 ppm ammonium 

chloride solution and noting the absorbance for each concentration at 430 nm. 

From the standard calibration (Fig. A2) the concentration of NH4
+
-N solution 

can be measured 
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Fig. A2 Standard calibration curve of NH4
+
-N in U Vis spectrophotometer 
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Annexure II (Section 3.5) 

Determination of average grain size of nanoadsorbents 

The average grain size of nanocomposite films used for adsorption was 

calculated using Deybe Scherrer equation using the data obtained from XRD 

spectrum. Table A.1 represents the determination of average crystallite size of 

chitosan bentonite nanocomposite films. 

Deybe Scherrer equation is given by 
cos

K
D



 
  

D  = mean diameter of nanoparticles 

  = The full width at half maximum value of XRD diffraction 

lines in radians (FWHM) 

  =  the wavelength of X-ray radiation source=1.5406A
o
 

  =  angle of incidence in radians 

K  =  the Scherrer constant with value from 0.9 to 1. 

Table A.1 Determination of average crystallite size of chitosan-

bentonite nanocomposite films 

Peak position 2θ° FWHM ° Dp, (nm) Dp average, (nm) 

5.365 1.315 6.05 

9.86 

19.438 0.686 11.65 

61.438 0.784 11.79 

 

For 2θ=5.365, FWHM (°) =1.315 

    
          

                           (
     

 
) 
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Annexure III (section: 3.7) 

Calibration Details of Peristaltic Pump 

Peristaltic Pump used: Ravel (Make); RHP 100L-200 (Model) 

The calibration of peristaltic pump was performed by setting various 

rpm and measuring the flow rate using a stop watch. Table A.2 represents the 

calibration data of peristaltic pump used in the operation of packed bed 

adsorption column for nitrate nitrogen removal. Calibration curve was plotted 

between rpm and flow rate (Fig. A2). 

Table A.2 Calibration data of peristaltic pump 

rpm Flow rate, mL/min 

0.5 6 

0.8 10 

1 12 

1.2 14 

1.5 17 

1.8 21 

2 22 

2.3 25 

2.5 27 

3 31 

5 50 

 

 

Fig. A2 Calibration curve of peristaltic pump used in the fixed bed 

nitrate column 
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Annexure IV : Experimental Data  

Table A.3 Sorption kinetics (section 4.3.2) 

Time, minutes Initial concentration, ppm Final concentration, ppm 

20 70 20.5 

40 70 14.1 

60 70 5.7 

80 70 5.7 

100 70 5.7 

120 70 5.7 
 

Table A.4 Adsorption isotherm (section 4.3.3) 

Initial concentration, ppm Equilibrium concentration, ppm 

20 1.6 

40 3.16 

60 4.1 

80 10.4 

100 31 

 

Table A.5 Thermodynamic experimental data, C0=70 mg N/L (section 4.3.4) 

Temperature, 
o
C Final concentration, ppm 

30 5.7 

40 4.6 

50 12.8 

60 19.6 

70 24.4 
 

Table A.6 Desorption data (section 4.3.5)  

Cycle 

Initial 

solution 

concentration, 

ppm 

Final solution 

concentration, 

ppm 

Initial 

adsorbent 

concentration, 

ppm 

Final eluent 

concentration, 

ppm 

1 60 4.1 55 2 

2 48 6.8 40 7.5 

3 32 7.0 22 5.5 

4 14 3.6 10 3.1 

5 6 1.6 3 1.0 
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Table A.8 Effect of flow rate on the working of fixed bed column 

(section 4.4.2) 

Flow 

rate, 

mL/min 

Cf, 

ppm 

Time, 

hour 

Flow 

rate, 

mL/min 

Cf, ppm 
Time, 

hour 

Flow 

rate, 

mL/min 

Cf, ppm 
Time, 

hour 

6 0.1 1 10 0.1 1 15 10.8 1 

6 0.2 2 10 0.2 2 15 12.2 2 

6 0.3 3 10 0.3 3 15 14.3 3 

6 0.4 4 10 0.5 4 15 15.6 4 

6 0.5 5 10 0.7 5 15 18.3 5 

6 1.8 6 10 2.2 6 15 21.2 6 

6 3 7 10 3.9 7 15 24.4 7 

6 4.7 8 10 5.3 8 15 28.2 8 

6 7.6 9 10 8.5 9 15 31.3 9 

6 8.9 10 10 14.8 10 15 35.2 10 

6 12.6 11 10 22.4 11 15 40.3 11 

6 15.6 12 10 32.6 12 15 42.3 12 

6 17.6 13 10 44.6 13 15 46.4 13 

6 22.3 14 10 50.3 14 15 54.3 14 

6 28.8 15 10 53.6 15 15 58.8 15 

6 32.6 16 10 57.6 16 15 60 16 

6 38.2 17 10 59.4 17 15 60 17 

6 41.5 18 10 60.2 18 15 60 18 

6 45.8 19 10 61.8 19    

6 48.4 20 10 63 20    

6 51.6 21 10 64 21    

6 54.3 22 10 65 22    

6 58.4 23 10 66 23    

6 61.2 24 10 67 24    

6 63 25 10 67 25    

6 64 26 10 67 26    

6 65 27       

6 66 28       

6 67 29       

6 67 30       

6 67 31       

6 67 32       
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Experimental data of Ammonia Nitrogen 

Table A.9 Adsorption isotherm (section 4.6.2) 

Initial concentration, ppm Equilibrium concentration, ppm 

10 2.28 

20 4.44 

30 6.33 

40 10 

50 16 

 

Table A.10 Sorption kinetics (section 4.6.3) 

Time, minutes Initial concentration, ppm Final concentration, ppm 

20 28 8.9 

40 28 7.98 

60 28 7.15 

80 28 7.31 

100 28 7.33 

120 28 7.29 

140 28 7.28 
 

 

Table A.11 Thermodynamic experimental data, C0=50 mg /L (section 4.6.4) 

Temperature, 
o
C Final concentration, ppm 

30 8.6 

40 7.5 

50 10.8 

60 12.8 

70 16.2 

……..…….. 
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