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Abstract

Textile effluents contain variety of chemicals that have complex chemical composition and
due to their stable nature they are difficult to be treated. There are different techniques for
dye removal which includes chemical, physical and biological. Amongst these nano sized
metal oxide nanoparticles and chitosan based porous films as adsorbents attracted much
attention due to its low cost. Present study aims at using Neem leaves (Azadirachta indica)
leaf extract for the preparation of NPs.In this work, a novel adsorptive membranes of
chitosan/poly ethylene glycol (CH/PEG/CuQ) nano composites were prepared:wherein
Chitosan provides functional groups (-NH;) while PEG provides strength. Copper
oxide(CuO) NPs were incorporated to determine its effect on Chitosan/PEG blend films. It
was found that the two polymers were miscible in the blends of Chitosan PEG and CuO NPs.
By adjusting the polymer concentration in solution, a variety of CH/PEG/CuO nano
composite films with surface pore size in the range of ~120nm-250 nm analyzed from SEM
were prepared. Moreover, PEG was added as a solution modifier. The fabricated nano
composites were characterized using SEM

, FTIR , (UV-Vis) spectroscopy and XRD. Batch experiments were conducted at varying
parameters like dye concentration, nano adsorbent mass and effect of contact time to
compare adsorptive efficiency of nano adsorbents. Results indicated that the methyl orange
removal was more in comparison with Methylene Blue. Optimal removal of 96% was
obtained for azo dyes. Contact time and Kkinetics of adsorption confirmed that the process
could be explained by second order kinetics. This study concludes that biosynthesis
procedure applied; offer simple, ecofriendly and cost effective method for nano adsorbents

synthesis .
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CHAPTER 1

INTRODUCTION

1.1 Introduction

Earth comprises about 3% of freshwater hence its conservation is important for saving planet.
[1]. With the industrial revolution which started in late 18th and 19th century, natural
resources were exploited for more production and material output. Environmental issues got

recognition in later half of the 20th century [2].

Increase demands for textile products, leading to increased number of industries overall due
to which its waste water load have been increasing continuously[3] [4]. Around 2,000
million gallons of waste effluent is being poured into water bodies every day [5]. 80% of

textile waste is generated by different industries like sugar, textile and cement [6].

Strong color is integral part of tanneries waste. The dye stuffs are highly complex structured
compounds and they are very difficult to decompose biologically [7] [8].

For processing of about 1kg of textile effluent 100 L of water is used. All the dye molecules
donot bind to the fabric during dying process it was estimated around 280,000 tons of

tanneries waste being discharged openly annually [9].

1.2 Types of dyes

Dyes are unsaturated organic molecules, used to give color to a material[10] . Dyes are
classified on number of ways including color, trade name, chemical compositon and chemical
structure.Chemical composition relates to the major chromophore present in dye [11]. In
dying process, different dyes are used such as Anionic,cationic (basic dyes) ,non ionic
depending on the charge present on dye molecule. [12]. Disperse Azo,Diazo and metal
complex dyes. [13]. More than 100,000 commercial dyes than are available with over
700,000 tons produced annually [14]. Major classes of synthetically produced dyes are Azo



and Anthraquinonone they represent 90% of all organic dyes altogether. Important thing to
note over here is that dye molecules consists of varying structure and their adsorption is
directly related to chemical structure, dimensions of chains, numbering and position of
functional groups and organic chains. These are among the most vital influencing factors for
adsorption. [15].

Two aromatic groups are present normally in Azo groups. Az dyes are one of the most
important class of industrial dyes available commercially,both in number and amount
produced ,they are important because, [16]

1. They cover entire spectrum.

2. They have fair to good fastness properties.

3. There are cost-effective

Textile wastewater is quite resistant to biodegradation due to dye stuff present i.e stable and
have complex chemical structure as well as resistant to heat , light and oxidative agents [17].
A very less quantity of dyes impart color in aqueous media and they can be recognized at
very less amount. [18].which affects aesthetically and also reduces light penetration which is
an important factor for photosynthesis due to thin layer formed on the upper surface hence
it directly affects aquatic flora and fauna moreover in addition to being toxic ,dye stuff
contains harsh chemicals that are mutagenic to living organisms [18].

Basic dye like Methylene blue is considered to be one of the most toxic substance it can
cause breathing problems on nausea vomiting etc. can even cause problems regarding eyes
which ultimately leads to permanent eye injury some types of dyes also can cause allergy
dermatitis skin allergies, and even cancer in living organisms. Therefore their removal is
must before their discharge [19].

Since dyes have very low biodegradability, the modern waste treatment methods are not
effective in remediation of dyes there are different techniques for dye removal. Every method
has its certain merits and Imitations commonly they are categorized in three;

physical,chemical,biological. [20].

1.3 Literature survey



In a research study reactive black 5 (RB5) dye was degraded by combined biological and
photo catalytic (UV/TiO2) method. 60% chemical oxygen demand removal was achieved
through biological step. The use of (TiO2) for remediation of dyes is technically a practicable
approach for clean up but requirement for UV light and very low yield makes its use difficult

in practical remediation techniques [21].

Chemical methods like ozonation [22] for adsorption of red C1-5B dye at varying
parameters . more than 90% removal was achieved by this method.

In dye removal processes fungal extracted enzymes have also been studied [23]. Decolorized
cationic dye (Basic Blue 41) using horseradish peroxidase enzymes and sulfonated polymers
extracted from a fungus, at different pH. Very less decolorization was observed with

Horseradish peroxidase enzyme.

In another study they Attempted Congo red removal an acidic dye by using activated carbon .
About 90% dyes was removed successfully for 50 mg/L and 100mg/L concentrations at pH 7
[24].

Thus common remediation techniques which require high energy, cost and also result in
formation of large amount of chemical sludge. Medium-size factories can prefer physical and
chemical techniques by using flocculates or coagulants due to economical concerns but they
also have short life time, biological methods are quite complicated and unfortunately for the
developing countries, like Pakistan these processes are still very costly to be used at large
scale and they cannot be practiced by small industries to treat large volume of wastewater .
This situation emphasized need to develop alternative novel methods which are more cost

effective and environment friendly [25].

1.4 Nano particles as sorbents

Clusters of atoms which range in size from 1-100 nm are called as nano particles consist sof
two categories like organic NPs e.g inorganic and organic which include noble metals like
silver and gold as well as NPs made of semi conductors such as TiO, and ZnO, however
metallic NPs e.qg. silver, gold, palladium, iron and copper etc hold quite remarkable properties

in various fields; with the advancement in nanotechnology it provides us with alternative



routes to physical and chemical for synthesis of nano clusters. Variety of chemical methods
which include Sol Gel, microwave irradiation, Sono chemical and quick precipitation method

which uses harsh reducing agents and organic solvents. [26].

Nanosized NPs have received quite attention recently because of the procedure adopted for
Its synthesis is cost effective compared to commercially available activated carbon.NPs have
very interesting properties such as high electrical conductivity, high thermal conductivity,
metallic or semi metallic behavior ,ordered structure high mechanical strength and high
surface area. Due to which NPs are considered to be building blocks for next generation.
Transition metals oxides are an important class of semiconductors, like copper oxide NPs
because they exhibit catalytic. Photonic, electric, optical and anti bacterial properties.
Although many physical and chemical methods have been extensively used to produce
monocrystalline copper oxide such as micro emulsion method, but the consumption of harsh

chemicals is of concern [27].

Many low cost adsorbents have been introduced including activated Carbon, by products
from industrial waste, peat, zeolites and green biomass attracted special attention .The reason
why biosynthesis approach was preferred over chemical routes is because plant contains
natural reducing agents e.g ascorbic acid, flavonoids , reductaces ,citric acid they act as
important entity for NPs synthesis. recent studies have focused merely on removing dye
stuffs from waste water system using noble metals and their nano-particles .so synthesis of
transition metal nanoparticles like copper from bio source and use of these particles as nano
adsorbents for degradation of dyes is an economic, fast, eco friendly and convenient step for
textile by products [28].

Copper NPs were synthesized chemical reduction of copper sulfate along with sodium
phosphate in ethylene glycol and using PVP as capping agent. Size of NPs ranges from 30 to
65 nm by altering reaction parameters like temperature and pH [39].

Another study reported a facile green approach for Copper oxide synthesis using (Citrus
medica Linn) juice which is quite effective and non toxic method with average particles size
in 10-60nm and concentration of 2.18 x 10® [30].



Cuprous oxide (Cu,0) NPs were synthesized using mild solvents such as (Camellia sinensis)

leaves extract with Average diameter in range of 34nm [31].

In another research study they reported green synthesis of CuO NPs (Carica Papaya) leaves.
UV Vis reveals formation of copper oxide NPs. they were rod shaped with average diameter
in range of 140nm [32]

Nano crystalline CuO NPs were synthesized using brown algae (Bifurcaria bifurcat) in size
range of 5-45nm .XRD confirms the crystalline nature of CuO NPs [33].

The adsorption process is most effective techniques been successfully applied for dye
removal from textile wastewater [34].Therefore much attention has been given to the study of
different types of cost effective, non toxic, and green materials as nano sorbents for the
removal of dyes, which include, apple pomace [35] ,orange peel [36], leaf extract [37] tea
waste [38] Garlic peel [39] etc.

Mostly conventional adsorbents were used in the form of powder, which makes its use cost in
effective and difficult to separate out from waste water stream moreover all of adsorption
experiments were conducted under bath conditions when using powdered adsorbents; Which
is unsuitable for dynamic removal of dyes especially in case of flowing streams [40]To
overcome such drawbacks adsorbents in the form of thin films or porous membranes have
attracted intensive interests mainly due to ease of separation as well as no generation of
secondary contaminants. [41] In comparison to many other commercially available polymer

based membranes [42].

1.5 Why Chitosan is used as an adsorbent material?

Generally four factors contribute to growing need of chitosan as a most suitable adsorbent
material for dye removal [43],
1. Chitosan based materials are low cost and as an adsorbent they are very cost effective
due to the simplicity in processing involved.
2. High adsorption ability and higher rate of adsorption.
3. Strong affinity for number of dyes.



4. Versatility in processing leads to different forms like fibers, gels, beads, nano

particles, films and membranes.

1.6 Chitosan

Chitosan is prepared from chitin, a naturally occurring abundant biopolymer originating [44].
Chitosan resembles cellulose structure but it has aceto amide groups at the carbon 2 position
instead of OH groups and it is amino polymer (see Fig. 1). Chitosan is generally non porous,
dense in powder form which is; opaque and brittle and it is also semi crystalline

biodegradable polymer in nature.

Chitosan has widely been used in fields like medical devices, healthy food, packaging, food
additives, waste water treatment, etc. To bind charged substances, heavy metals and ions
from aqueous solutions, chitosan is mainly used as an adsorbent and flocculant. Chitosan
shows strong binding capacity for variety of charged water pollutants such as humic acids
and anionic acids by hydrogen bonding and electrostatic interactions. Chitosan, in alkali

solutions gives negative charge and it is positively charged in acidic solutions [45].
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Figure 1 Chemical structures of (1). Cellulose. (2). Chitin (3). Chitosan [57]



Chitosan shows strong capability to capture transitional heavy metal ions because it has free
amino groups, which can act as heavy metal ion chelators, by having a lone pair of electrons.
The free amino groups (-NH2) can function as heavy metal ion chelators by proving a lone
pair of electrons and hence chitosan shows strong ability to capture transitional metal ions.

Chitosan has found to be one of the most strong heavy metal ion binders [46].

1.7 Chitosan based flat sheet membranes

Almost all the research studies have focused on Chitosan based membranes or flat sheet
Chitosan so far. DIP) and RIP are the most commonly used methods for the preparation of
chitosan membranes. In RIP, to precipitate out the membranes crosslinker must be added into
coagulation solution. In DIP, Chitosan neutralization is done to form solids, base solution is
added into coagulation solution. Sometimes combination of DIP and RIP methods, uses

addition of basic cross linker solutions as precipitation reagent.

Chitosan flat membranes are most preferably prepared by forming a clear, viscous solution
(usually (<7% m/v). first of all Chitosan is dissolved in a dilute weak acid solution (formic
acid, acetic acid) for 24 hours at room temperature. Initially lower concentration of chitosan
should be utilized in a solution due to formation of polyelectrolytes in an acidic solution,
(NH2 —* NH3+), which significantly intensifies solution viscosity. The concentration
depends highly on the molecular weight (MW) of chitosan being used. Chitosan of Low
molecular weight should be used to prepare solution with high concentrations. To improve
mechanical strength of Chitosan membranes, solution casting with bio compatible
plasticizers which are highly hydrophilic, biocompatible and highly crystalline in nature e.g
glycerols or polyols among them preferably poly ethylene glycol (PEG) is used; this method
is the best and the membranes are still flexible due to the absence of bulky groups on chitosan
polymer chains [47].
An ideal matrix for adsorptive membrane separations should hold following characteristics:

1. Low non specific adsorption.

2. High surface areas .

3. Large pore size.

4. High chemical, thermal, and mechanical stabilities

5. Sufficient functional groups on surface (e.g., hydroxyl, carboxyl, and amides) etc

[60].



Chitosan is used widely for dyes and metals as a well known sorbent because Chitosan is
cationic in nature it adsorbs anionic dyes and in very small amount cationic dyes
[48].therefore researchers have showed great concern in its modification to enhance its
properties addition of filler into polymer matrix via ex situ synthesis is a novel method for
incorporating metal nano particles which helps to increase its adsorption capacity via
electrostatic attractions and hydrogen bonding therefore aim of this research study was to
synthesize copper oxide nano particles through green synthesis and preparation of Chitosan
PEG films with incorporation of synthesized nano particles for adsorptive removal of Azo

dyes.



1.8 Objectives of the study:

e Green synthesis of NPs through economically viable and environmental friendly
method.

e Fabrication of nano composite films of chitosan, poly ethylene glycol (PEG) and CuO
nanoparticles by using solution casting method.

e Application of the synthesized nano composite films as nano adsorbents for removal

of selected dyes.



1.9 Significance of the study:

This research will be significant in devising a low cost, novel and greener synthesis of
transition metal nano-particles from bio source. The development of such adsorbents can be
applied for remediation techniques and in waste management system. The use of prepared bio
compatible nano composite films results in reduction of waste for environmental cleanup

with no generation of chemical and biological sludge.



CHAPTER 2

2.1 Experimental

The present investigation is based on the green synthesis of metal nanoparticles and its
application for environmental remediation. For this purpose, copper oxide nanoparticles were
synthesized using Neem leaf extract. Biocompatible films were synthesized using solution
casting method. A systematic characterization was performed using FTIR, XRD, DSC,
Tensile testing and SEM studies.

Biosorption technique was used for the removal of environmental pollutants. UV-Visible
studies were conducted for batch adsorption experiment. The sorption process was further

evaluated using kinetic models and equilibrium isotherms.

2.2 Materials

The following table gives us the specifications of materials that were used to carry out

experimentation.

Sr.No | Materials Manufacturer and
specifications
1 Copper Sulphate | Sigma Aldrich
pentahydrate Co ,USA (lab Grade)
2 Chitosan (AD>85%) | Sigma Aldrich
Co ,USA (lab Grade)
3 Formic acid Sigma Aldrich
Co ,USA (lab Grade)
4 Polyethylene glycol - | Sigma Aldrich
6000 Co ,USA (lab Grade)
5 Methyl Orange Sigma Aldrich
Co ,USA (lab Grade)
6 Methylene Blue Applichem  Panreac
(lab Grade)




2.3 Neem Leaf Extract Preparation

Leaf extract of neem was prepared for the synthesis of metal nano particles. Dried neem

leaves were thoroughly washed with double distilled water in order to remove any dirt or

impurities. Leaves were dried and crushed with mortar and pestle, and sieved through 150

mesh size. The neem leaf powder was further added into The powder was added into 500

ml of distilled water. As extracting solvent and further boiled for an hour at 80°. The

extract was further stored till further use.

2.4 Synthesis of Metal Nano Particles

sl L - =

Neemleaf  CuSOs Stirring Supernatarnt DmngSv C CuONPs
extract solution 1 hour discarded suspens;on Overnight
9 times

Figure 2. General synthesis scheme of copper oxide nanoparticles

A known volume (100 ml) of leaf extract was added to 0.5 M solution of metal salt. For

synthesis of NPs .The solution was thoroughly stirred for an hour on slight heating (50-60

°C), followed by drop wise addition of extract till the color change is indicated. Solution was

further stabilized at ambient temperature, centrifuged at 4000 rpm at 4 °C for 30 minutes

interval, multi washed, air dried and oven dried at 80° for 18 hours. The dried material was

crushed with mortar pestle, sieved and stored in dessicator. The particles were of dark green

brown color representing successful synthesis of CuO NPs, respectively.



For metal particles synthesis, protocol of Pattanayak and Nayak, 2013 was generally
followed. The modification added to the reported method is the synthesis of Copper oxide

particles from neem extract [62].

2.5 Preparation of Chitosan/PEG /CuO Nano composite films

CuO NPs added

Chitosanis dissolved informic  « PEGis added * Probe sonicationfor 5Hr
ack «  Over night stirring
Over night stirring

* Casted in Petridish for air
drying48 Hr

* Dried thinfilm * Furtherdried in vacumm

oven for 18 Hrs s

Figure 2.1 General scheme of nano composite films preparation
Nano composite films were prepared using solution casting and evaporation method.. 1g
Chitosan was dissolved in 40ml of Analytical grade formic acid, solution was magnetically
stirred for 24 hours in order to completely dissolve the polymer. After its dissolution 0.2g of
poly ethylene glycol PEG (6000) was further added into the viscous solution and
mechanically stirred for 24 hours. Afterwards when both polymers were completely
dissolved; CuO NPs were sonicated separately for 2-3 hours and were added subsequently in
to the polymer solution with different ratios of 1,5 and 10 mg respectively and further stirred

for 4-6 hours using probe sonicator.

The mixture solution were then cast into Petri dishes and spread slowly to form a

homogenous liquid film then left to air dry for 48hours and further washed with DI water to



remove excess formic acid .the de casted films were dried in vacuum oven at 70 °C for 18
hours. Stored in silica gel. The prepared Nanocomposite films were in green brown color see

figure 2.2

2.6 Characterization of CuO NPs and Chitosan/PEG films

2.6.1 Scanning Electron Microscope (SEM)

SEM (JEOL JSM-6490, Japan) analysis was carried out to investigate surface morphology

and particle size of synthesized particles and prepared nano composite films.

2.6.2 Working Principle

On samples solid surface high energy ray of electron is focused. The kinetic energy of
electrons dissipated their kinetic energy in samples. These signals consist significantly of
backscattered and secondary electrons. Mainly Sample image is formed by backscattered
electrons and secondary electrons. Backscattered electrons are more helpful in phase
discrimination while secondary electrons are more significant for viewing morphology and

topography of a sample.

2.6.2 SEM Applications

SEM analysis gives following information about sample.



e Topography: related to surface characteristics of a sample
e Morphology: related to appearance and surface size

e Crystallography: Shows arrangement of atoms in the sample

2.6.3 Instrumentation

SEM consists of following parts:

e Sample stage

e Electron lenses

e Data output devices
e Detector

e Electron gun

2.6.4 X-RAY Diffraction (XRD)

Different types of crystalline compounds known as phases were identified and determined by
means of XRD. Thus, the phases that were present in the developed CH/PEG/CuO films were
studied. Film measurements by X-ray diffraction were performed with the (STOE, Cu ka

radiation (A = 0.15418nm) for the scanning of diffraction angle between 1 to 80.

2.6.5 Working Principle

Every crystalline material has some regular arrangement patterns of atoms in a crystal lattice.
The sample is sputtered by an x-ray beam, some part of beam is transmitted, while some part
is refracted, sometimes partially diffracted and absorbed by the sample.The Bragg’s Law can
be defined as;

Where,

n= diffracted beam order

Lambda= x-ray beam wavelength

d= distance between plane of atoms



2.6.6 Instrumentation

The diffractometer of X-Ray consists of three main parts
e Sample holder
e X-ray tubes

e X-ray detector

2.6.7 Applications

Mostly diffraction analysis is utilized for following applications,
e To identify unknown material which is crystalline
e To measure dimensions of a unit cell

e Tocheck purity of samples
2.6.8 Fourier transform infrared spectroscopy (FTIR)

Synthesized nano particles and Raw Neem leaves were subjected to FTIR spectrophotometer
(FTIR 1500, Schimadzu Japan). The samples were pressed into KBr pellets. It is an analytical
method used to obtain infrared spectrum of liquid, solid or absorption/emission of gas, or
emission. The term Fourier transform refers to mathematical process where Fourier transform
IS required to obtain desired spectrum from raw data. It is used for qualitative and quantitative
analysis of inorganic samples and organic. This method is most efficient. For detection of

functional groups and identification of different chemical bonds present in sample under test.

2.6.9 Working principle

In FTIR analysis radiations are passed through the sample. Some radiations are transmitted
while some are absorbed by the sample. FTIR spectrum is obtained On the basis of
transmitted and adsorbed radiations. The resulting spectrum forms a fingerprint of sample,
which is used to identify the sample. The frequency range being measured in terms of wave

number, which varies from 4000-400 cm™.



Infrared
Light Source
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Figure 2.3. Schematic of Fourier Transform Infrared Spectroscopy (FTIR)

2.6.10 Instrumentation

FTIR spectrometer mainly consists of following:
e Sample chamber
e IR source

e Interferometer and IR detector

2.6.11 Applications

FTIR analysis is widely used for following applications:
e To identify unknown materials
e To determine quality of sample
e detection of chemical bonds present in the sample

e functional groups identification

2.7 Tensile Testing

Tensile properties of pure and composite films were determined films were determined using
Trapezium machine manufactured by Shimadzu Corporation at speed of Lmm/minute (ASTM
D822).

2.8 Experimental protocol for adsorption



Batch Experiments were conducted in a set of 250ml of flasks containing NPs and
nanocomposite films separately and 100ml of both dyes solution separately with varying
initial concentrations. The flasks were stirred for 70 minutes at 150 rpm at room temperature
until complete decolarization of dye or till equilibrium is not achieved. The adsorption
efficiacy of both dyes (Methyl orange and methylene blue) was investigated on T60 UV-VIS
Spectrophotometer (PG Instruments UK) by varying concentrations of (1, 3, 5 mg/L), and
adsorbent dose (1mg,5mg 10mg) as a function of time. Absorbance of Methyl Orange and
Methylene Blue was recorded at respective Amax Of 465nm and 665nm. Concentration was
calculated from standard calibration curve which are mentioned in figure 2.4 and 2.5

respectively while percentage formula was calculated using formual,

Ci—Ct
%R = — x 100
Equation y=a+b*% B Methyl orange (MO)
Adj. R-Square 098526  0.98238 @ Methylene blue(MB)
3 Value Standard Error
= B Intercept 0.10842 0.0674
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Figure 2.4 Calibration Curve for Methylene Blue and Methyl Orange

2.10 Equilibrium and Kinetic Studies

Kinetic study was done for calculating adsorption isotherms at different concentrations and
mass of adsorbents. Langmuir and Freundilich isotherms were applied at varying conditions

for adsorption of azo dyes .

2.11 Freundilich Isotherm

Freundilich presented the earliest known sorption isotherm equation (Freundlich, 1906). This

model is applicable for sorption on multi layer and heterogeneous surfaces as well [63].

Where Kk is the Freundilich constant and ‘n’ the Freundilich exponent refers to adsorption
capacity or intensity. Slope and intercept is generally obtained by plot of ge and log Ce.

2.12 Langmuir isotherm

Quantitatively it describes about the monolayer formation on the exterior surface of

adsorbent, [64]. Its linear form can be expressed as,

2.13 Adsorption kinetics studies
Kinetic study was performed in order to get insight about the reaction mechanism which is
quiet important for determining reaction mechanism and adsorption process efficiency

which includes two orders: pseudo first and pseudo second order kinetics.

2.14 Pseudo first order kinetics
This rate equation is commonly applied for studying sorption behavior of solute molecules

from bulk phase and it is represented as[65].



2.15 Pseudo second order kinetics
Second model, which states that adsorption mechanism generally, follows second-order

chemi sorption.

3.1 Results and Discussion

The present research study comprises of three steps. In first step synthesis of metal nano
particles was done from a biosource and preparation of Chitosan /PEG/CuO nano composite
films. The second step involves the characterization of synthesized NPs and Chitosan/PEG



films for this they were first of all subjected for FTIR to investigate presence of important
functional groups, present in the nano particles which are important for adsorption procedure.
The third step of this research study was the adsorption process. Experiments were conducted
to evaluate the removal rate of methyl orange and methylene blue dyes on the NPs and

adsorbent films at varying parameters.

3.2 Adsorbent characterization
Neem Extract and synthesized CuO nano particles were subjected to FTIR analysis to
determine the presence of functional groups; their results are summarized in table 3.The IR

spectra of all the adsorbents are mentioned in Figure 3 respectively.

3.3 FTIR Analysis of CuO NPs and Chitosan/PEG/CuO films

In the IR spectrum of Neem leaf exact, The intense bands occurring at 550 cm™ , 3379 cm™,
1653.05cm™, 900-1800cm™, 1024.24 cm™, 2962 cm™and 3379 cm™ and 2800-3000 cm™
which corresponds to C-O,0-H stretching’s however N-H, C-H, C=0 stretching , bending,

vibrations were also present which confirms the presence of different organic molecules like



alcohol amines phenol amides amines carboxylic acid group esters in the leaf extract of nee
Neem [68] .

The band at 613cm™ indicates the presence of CuO nano particles as reported in the literature
[69]. Neem extract contains many phytochemicals such as proteins,, flavonoids,alkaloids here
we propose possible mechanism for nanoparticles synthesis at first the metal precursor reacts
with (-OH) hydroxyl anions which are produced from water and it forms copper hydroxide.
The aqueous extract of Neem leaves contains various phytochemicals these compounds will
altogether act as encapsulating agents and reduce copper hydroxide to copper oxide NPs.
NPs spectra suggests the presence of different organic molecules due to Neem which was
used for its synthesis as described in the previous study [70].
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Figure 3. IR spectra of CuO NPs and Neem Extract



3.4 SEM Analysis of CuO NPs

20kV  X75,000 0.2um 2017 SCME NUST

Figure 3.1 — SEM of CuO NPs

The morphology of samples surfaces and that of copper oxide NPs were examined by SEM
using with current of voltage. Suspension of prepared NPs were Sonicated, further the drop
of suspension was used to put on clear dry stubs. Samples were sputtered coated with gold.

The surface morphological features of synthesized nanoparticles were studied by scanning
electron microscope. The SEM image figure 3.1 reveals that CuO particles are well dispersed.
The appearance of some particles was in spherical shape and some were in oval shape. so the

prepared particles were in nanometer range. The average diameters of the particles observed



from SEM were in the range of 16-32 nm. This is very similar to those described in the
previous literature [4]. These results indicated that mono-dispersive CuO nanoparticles were
obtained [5]. While clusters of NP s can also be observed due to agglomeration .this suggests
that NPs have tendency to form clusters due to their high surface energy.

3.5 X-Ray diffraction of CuO NPs (XRD)

Different types crystalline phases were identified and determined by means of XRD. Thus,
the phases that were present in the synthesized nano particles were studied. Irradiation
conditions were 30 and 40mA for the scanning of diffraction angle between 10 and 80.

figure shows noticeable peaks at 35° , 42° , 60° and 75° corresponding to (002) (111) (113)
and (004) planes respectively which were in accordance with JCPDS card reference number
01-078-2076.XRD indicates that all the CuO NPs peaks are in well aggreemnet with the
standard pattern of monoclinical crystal system. Sharp peaks in the XRD refer to high
crystalline nature of the synthesized copper nanoparticles. They also ascribe about the

crystallite arrangement which is cubical with (hkl) planes alignment [74]
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Figure 3.2 XRD patterns of Copper oxide nano particles



3.6 Attenuated total reflection spectroscopy (ATR) Analysis of
Chitosan/PEG/CuO Nano composite films

ATR spectra of nano composite films displayed typical absorption peaks based on
composition were present in all the blend interferrograms. pure chitosan shows small peakat
898 cm™ , 1580 cm™ ,1650 cm™,indicates characteristic peak of sacchrides, Amide 1 and
Amide 11 ' while broadening of O-H and N-H groups can be identified around 3400cm™
[75].

Formation of small peaks around 1384.22 cm™ shows the presence of C-O stretching and OH
bending vibrations. Intensified peaks around 1098.72 cm™ shows presence of C-N stretching
of glycosidic bonds in the pyranose group; indicating polymeric association of Chitosan and
PEG while small peaks around 776.38 cm™ corresponds to the C-H rocking ,OH bending
and C-C bending. Additional peak at 1750 cm™ was observed which indicates that CuO is
bound to the matrix while O-H , N-H Stretching vibrations indicate broad peak in the region
of 3006-3500 cm™ [76].

Peak shifting also occurs due to metal co ordination bond between heavy metal and electron
rich groups. CuO small peak was present around 613cm™ ATR spectra of blend confirmed

the presence of both polymers in blend system [77].
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Figure 3.3 ATR spectra of Nano composite films

3.7 Tensile mechanical properties of pure and Chitosan/PEG/CuO Nano

composite films

Tensile properties of pure and blend films were determined using Trapezium testing machine
(AG-20KNXD PLUS)

Tensile properties of pure and blend films of Chitosan, PEG and copper oxide nano particles
were analyzed. Their stress strain curve is shown in the Figure 3.4respectively,

Tensile properties of pure and blend films contains various filler content which were
examined at room temperature. S-S curves of nano composites in figure 3.4 shows the effect
of addition of filler in blend system. Tensile properties of pure and composite films are
tabulated in table 3.2.
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Figure 3.4 S-S curves of pure and Blend films

It was observed that by nano filler addition their mechanical strength is enhanced.the
enhancement of properties depend solely upon homogeneity, dispersion, orientation of filler
material.

Results clearly show that in case of pure films tensile strength was less in comparison to
blend films but it gradually increases on addition of nano filler reason could be at highest
loading filler and matrix both were compatible with each other and secondary bonding
between them was sufficient to support the system. However elongation at break gradually
decreases with addition of filler the reason might be the extensive secondary bonding makes

the system weaker so the elongation at break decreases [78].
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Figure 3.5 Elongation at break of Blend films

Highest strength was achieved at 10% loading of nano copper oxide as shown in figure 3.6
whereas tensile strength reaches to maximum which reveals that at this loading percolation
reached moreover at such loading ratio distribution, orientation and dispersion; all are
properly improved which results in the formation of percolation network, after the
percolation network two types of interactions occur; filler-filler and filler matrix , the filler-

filler interactions are commonly weaker as compared to filler matrix.
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Figure 3.6 Tensile strength of pure and Blend films
Tensile moduli is used to measure the stiffness of material the stiffest material has higher
moduli
while moduli increases significantly with addition of PEG and copper oxide nano particles as
shown in Figure 3.7 the obtained results were 2048MPa at 10% filler loading. At a low filler
loading of 1% and 5% respectively. Films show marginal improvement in moduli however
better mechanical properties are possible due to strong moleculare interactions between PEG

and chitosan which is possible only because of intermolecular hydrogen attractions.
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Figure 3.7 Modulus of Chitosan/PEG/CuO films

Table 3.2 Tensile mechanical properties of Chitosan /PEG/CuO films



Concentration of | T.S(MPa) | Elongation at | Modulus
filler (mg) break (%0) (MPa)
Chitosan pure 3.58 6.11 1520
CH/PEG 4.76 10.50 101
CH/PEG/Cu0/1 34.8 24.91 898
CH/PEG/CuOQ/5 56 21.21 515
CH/PEG/Cu0O/10 | 75.25 7.82 2048

3.8 SEM Analysis of Chitosan/PEG/CuO films

. The morphology of samples surfaces and that of copper oxide NPs are examined by using
SEM JEOL-6490A-JSM with current of 41 Ma and 15KV voltage.

Figure 3.9 shows morphological analysis .SEM for topographical analysis of CuO NPs and
blend films both were taken for morphological analysis which reveals the microporous
surfaces with respect to copper oxide loading in blend films the SEM images figure (a) of
pure chitosan film shows no visible pores but a blunt rough surface with cracks while
micrographs of CH/PEG film figure (b) shows porous structure with micro voids and cracks.
Copper Oxide nano particles loading shows puffy blunt surface with uniform dispersion of
nano particles and increased porosity it could be explained on the basis of copper oxide nps
agglomeration around polymer chains. Figure 3.9 from (g) to (j) shows cryo structured
analysis which reveals the smooth and rough textures indicating well blending of both
matrices and uniform dispersion of nano particles plus it also confirms that copper oxide
nano particles have embedded into blend matrix evenly and uniformly with pores clearly seen
in Figure 3.9 (i) and (k) [79].
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Figure 3.8 SEM micrographs showing morphology of (a)Pure Chitosan film
(b) Blend film (c) Nano composite film at 1mg filler loading (d) Nano composite film at 5mg
filler loading (€) Nano composite film at 10mg Filler loading (f) Uniform dispersion of CuO
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Figure 3.9 SEM micrographs of cryo structured g) Edge morphology at 1mg Filler
loading (h) cross section of Nano composite film (i)Edge morphology at 5mg filler
loading (j) Edge morphology at 10mg filler loading

3.9 X-Ray Diffraction analysis of Chitosan/PEG/CuO Films

XRD graph in figure 3.10 confirms the crystalline nature of prepared NPs of copper oxide
the identified peaks represent the (hkl) cubic crystal structure.The relatively high intense
peak at 45.5° in accordance with other shows the direction of nano crystal growth these
results have clearly suggested that copper oxide NPs are successfully synthezied from Neem
leaf extract. The broader peaks show size of crystallite to be very small [80].figure 3.10

shows XRD graph of pure and composite films.

The XRD pattern for samples indicate successful deposition of nano particles as prepared
samples the graph shows a prominent PEG/CH peak at 2 theta of 25.2 degree. The peak for
copper oxide NPs can clearly be seen at 2 theta 35.5 degree referring to (002) plane
respectively. Sharp peaks show high crystalline nature of deposited copper oxide NPs,
intensity of deposited copper oxide NPs increase with increasing concentration of filler in
blend films which also refers to high crystallinity . PEG/CH film shows amorphous nature
which refers to good miscibility of films while a shorter hump of characteristic peak at 19.2
degree shows chitosan peak referring to plane (110) [81].

For chitosan seven polymorphs have been proposed which includes “Annealed” “tendon: “L-
17 “ L-2” forms “1” and “II” and “non crystalline” another study have mentioned three forms
“non crystalline” “hydrated crystalline” and “anhydrous crystalline” [82]. the XRD of pure
and blend films shown in figure 3.10 gives peak at 2 theta 18.6° , 25.5° assigned to,
anhydrous amorphous chitosan structure respectively, while reflection of PEG were at 2



theta 14.5° . The variation of crystalline nature of chitosan could be ascribed to double
effect of PEG. PEG addition might weaken the interaction between chitosan and water, thus

allows chitosan to crystallize in form of anhydrous structure.

The identified peak shows that samples are composed of copper oxide NPs. PEG/CH being
present inside without any other identified impurity therefore it is evident that copper oxide

NPs are present in CH/PEG /CuO deposited films samples.
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Figure 3.10 XRD patterns of pure and nano composite films



3.11 Batch adsorption of methyl orange and methylene blue

Batch adsorption experiments were carried out in order to determine the removal efficacy for
synthesized blend films as nano sorbents. Different parameters like varying induced
concentrations, adsorbent concentration and contact time was studied for each experiment.
Acidic and basic (Methyl Orange and Methylene Blue) were selected for present study while

adsorbents were synthesized.

3.12 Methyl orange and Methylene Blue Dye Adsorption

mechanism

The mechanism by which Chitosan helps out in adsorption process has been a matter of
concern. different phenomena are involved like, chemisorption, surface adsorption,
diffusion, adsorption, complexation however different kind of interactions might also be
involved as physical adsorption, vander waals forces, aggregate mechanism and dye-dye
interactions etc they all can act together.
Generally four steps are involved in dye removal process on adsorbent,

1. Bulk diffusion; ions migrates from bulk phase tosurface of adsorbent.

2. Film diffusion ; dye ions diffuse at surface of adsorbent through boundary layer.

3. Pore Diffusion; intra particle diffusion from surface.

4. Chemical Reaction; dye molecules get adsorbed at materials active site through

chelation, ion exchange, or complexation [85].

Figure 3.13: Anionic dye adsorption mechanism on Chitosan films [85]

3.13 Batch for removal of Methyl Orange
The synthetic solution of Methyl Orange (acidic) dye was subjected to batch removal using

pure,nano composite films and nano particles separately under varying parameters.

3.14 Effect of Adsorbent dose

The percentage removal of Methyl Orange was studied by varying the adsorbent dose
between 1mg, 5mg and 10mg at a dye concentration of 1mg/L and 5mg/L and 10mg/L. As



shown in Fig.3.14, initially the dye removal increased with the addition of nano filler content
as the adsorbent amount of copper oxide and nano filler content in blend films was increased.
[85[86]. Incase of blend films Adsorbent concentration of filler at 1mg,5mg,10mg ,Removal
efficiency increased upto 94% , such trend can be explained as the availability of more active
sites help in further uptake of dye ions .Large pore size of the blend films along with copper
oxide nanoparticles play the role in two fold adsorption of dye molecules plus Chitosan
molecules also react with the dye molecules via electrostatic interactions and hydrogen
bonding Figure 3.14 shows removal efficiency of Pure Chitosan films with less than 10%
removal because of its non porous surface which cannot hold dye ions the only factor

involved in removal is amine groups attached on Chitosan chains
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Figure 3.14: Percentage Removal Efficiency of Methyl Orange using copper oxide nano
particles and Chitosan /PEG/CuO films at varying adsorbents dose of 1,5 and 10mg at
optimum 10mg/L of dye.

3.15 Effect of contact time



Figure 3.18 indicates initially the rate of dye removal was fast due to large surfacr area of
films which provides more binding sites to the dye molecules [87]. When equilibrium was
achieved after 45 minutes time further ptake was stopped due to depletion of active sites.Pure
Chitosan films show percentage removal less than 10% reason as shown in figure 3.15 which
might be due to non porous surface and the only thing involved in dye uptake was

electrostatic attractions between dye molecule and amine groups present in Chitosan.

However for blend films adsorption of dyes was slower initially, and thereafter, it becomes
fast near equilibrium. However Contact time presents a fast kinetics or fast forward reaction

while equilibrium is achieved after about 50 minutes which indicates the saturation of all

active sites [88].
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Figure 3.15: Efficiency of pure Chitosan films , copper oxide nano particles and and

Nano Composite films for removal of Methyl Orange at different contact time.



Figure 3.16: Types of interactions involved for dye removal [88]

3.16 Effect of initial dye concentration

Adsorption process generally boosts up with the high dye concentration. Maximum dye
removal at 10mg/L was achieved (66% and 94% for copper oxide and blend films)
respectively at optimum 10mg biosorbents dose [89]. according to figure 3.17 In case of
nano particles it was found that an increase in the dye concentration leads to saturation of all
the active sites[91].

Agglomeration of nano particles during batch reaction might be the reason for low adsorption
which leads to less no of active sites available for dye molecules to adhere. But in case of
blend films Electrostatic attractions between the molecules of dye which carry negative
charge and Chitosan/PEG/CuO having positive charge might be the reason for enhanced dye

removal [92].
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Figure 3.17: removal percentage for NPs and blend films at varying dye conc.of 1,5 and

10mg/L at optimum 10mg Dose of Adsorbents.

3.17 Batch for Methylene blue removal
Batches were carried out at different dye concentrations of (1,5 and 10 mg/L) while dose
taken was (1mg, 5mg 10mg) in case of copper oxide NPs and Filler concentration of blend

films.

Figure 3.18 structure of Methylene Blue [95]

3.18 Effect of dye conc. on adsorption

Adsorption efficiency of nano adsorbents decreases as dye conc was increased, As it is
evident from the figure 3.19, when the dye concentration increased from 1 to 5 mg/L, the
percentage removal of dye decreased from 66 to 37% for copper oxide particles. Hence the
overall removal percentage decreased, this might be due to agglomeration of adsorbate
molecules / overcrowding of active sites or depletion of active sites [93].

In case of Nano composite films dye conc is independent of the dye concentration the larger
surface area and electrostatic interactions between adsorbent and dye molecules are the

reason for efficient removal [94].
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Figure 3.19: Removal of Methylene Blue using copper oxide nano particles and Nano

composite films at different induced concentrations.

3.19 Effect of contact time

Figure 3.21 shows that adsorption occurs very fast initially. Pure chitosan film shows very
less removal efficiency and it remains constant till end of reaction time as shown in figure
3.21 reason might be dense structure and brittle nature of Chitosan which retards the overall
adsorption while only active part involved is amine groups on surface of Chitosan, while
After about 50 minute, the amount of adsorption by CuO particles reaches from 22% to 66 %
respectively as shown in figure 3.20. It remains constant afterwards; additionally dye
molecules bind to the outer surfaces of adsorbent afterwards it migrates to internal pores and
cavities [95].

In figure 3.20 In case of blend films It was observed that adsorption took place on the outside
surface as well as inside pores it also suggested that large external surface area due to pores
helps in uptaking of small dye particles as compared to larger particles .initially all the active



sites were unoccupied therefore adsorption was slower in the beginning of reaction but it

further proceeds at higher rate when monolayer was formed and all the active sites were

occupied completely after reaching equilibrium [96].

—a&— Pure chitosan

®— CuO-NPs
100 —4&— Films
80 /
_ 604 /
O] __— 9
é / =
i
< 40 -
20 -
0 I ! I ! 1 ! | ! I ! | ! | ' | ! |
0 10 20 30 40 50 60 70 80
Time (minutes)

Figure 3.20: Removal of Methylene Blue using pure Chitosan film, copper oxide nano

particles and Nano composite films at different co

3.20 Effect of Adsorbent Dose

Figure 3.21 indicates that by increasing the dose of

ntact time.

biosorbent removal efficiency increased

significantly. Maximum removal for all nano sorbents was achieved by using 10mg of

biosorbent dose with removal efficiency of 66% and 94% for copper oxide nano particles

and blend films as shown in figure 3.21 respective

ly. Such type of trend might be due to

presence of more active sites.More the cavities or hollows more the surface area of films

would be available so more the uptake of dye molecules [97].
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Figure 3.21: % Removal efficiency of Methylene Blue using Nano composite films and

copper oxide nano particles at varying Adsorbent dose and filler concentration .

3.22 Adsorption kinetics and isotherms
The kinetic study aims on investigating the removal capacity in the presence of different
parameters like initial concentration, dose and contact time for methyl orange and methylene

blue.
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Kinetic data is applied to evaluate the overall removal rate from aqueous phase. to find out
the sorption capacity of azo dyes; pseudo first order and pseudo second order were applied.
Equilibrium isotherms were used to quantify the adsorptive capacity of adsorbents, for this
purpose both isotherms were applied. Results are summarized in table 3.5 and isotherms in
figure 3.23.
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Figure 3.23 Adsorption isotherms on nanocomposite films

Results indicate that all adsorbents follow second order which implies to the nature of
adsorption which is chemi sorption means chemical interactions took place rather physical
bonding. Data also suggests that both models Langmuir and Freundilich were applicable
which refers to the fact that mono layer and multi layer sorption took place on surface of
nano composite films as well as inside cavities and hollows with adsorption capacity of 35.5
mg/g/min. The value of coefficient for second order kinetics was (0.99) greater than first
order of kinetics (0.924) which involves sharing of electrons or their exchange. However the
negative value of Langmuir constant for NPs suggest that it gives regression value more than

1 and adsorption of both dyes on synthesized NPs were very difficult.




Table: 3.6 Adsorption kinetics of Copper oxide nano particles and nano composite

films
Adsorbents Adsorption Kinetics
Methyl Orange
Pseudo second First order
order
Ko |0 R [Ki |0 R
N-Films 1.337 | 35.5 |0.998 | 0.014 | 0.875 | 0.674
CuO-NPs | - 0.146 | 0.994 | 0.000 | 0.056 | 0.120
0.231
Adsorbents Methylene Blue
Pseudo second order First order
Ko |0 R® [Ki g R’
N-Films 2.661 | 10.83 | 0.952 | 0.012 | 0.371 | 0.924
CuO-NPs | 0.880 | 0.298 | 0.980 | 0.013 | 0.880 | 0.709
Adsorption isotherm models
Adsorbents Methyl Orange
Freundlich isotherm model Langmuir isotherm model
Ke N R KL Qm R
N-Films 1.343 3.121 0.999 2.219 51 0.999
CuO-NPs 10.03 9.634 0.996 1.738 0.044 1
Methylene Blue
Freundlich isotherm model Langmuir isotherm model
Ke N R? Ke Qnm R*
N-Films 8.231 3.822 0.958 10.73 22.38 0.894
CuO-NPs 1.700 0.097 0.996 0.097 0.879 0.865




Conclusions
The Biosynthesis procedure adopted in this study offer simple, cost effective and efficient
procedure for preparation of CuO nano particles of reduced size. FTIR endorsed
formation of composites.SEM analysis confirmed the immobilization of NPs onto the
composite matrix.XRD results confirm the phase purity and high crystalline nature of

filler as well as films.

Synthesis of porous chitosan PEG films loaded with copper oxide as filler shows
enhanced mechanical, adsorption and thermal properties. Addition of metallic filler
enhanced the overall properties it gives toughness and strength to the polymer

chains.Synthesized nano particles were in nanometer range with reference to SEM results.

The pseudo second order model was more favorable for adsorption of dyes. Which
implies that chemi sorption is the main factor for successful removal of dye For the
isotherm studies, both models were applicable i.e.; Freundilich and Langmuir but the best
fit isotherm is Freundilich in case of Methylene blue and Langmuir incase of methyl
orange respectively. Which refers that multilayer sorption took place as well as
monolayer outside the filler surface and inside pores of films.
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