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Abstract

As the need of water increases annually in Palestine, and the available water
resources are barely sufficient to meet the demands of the current quality life
and the economy. There is a huge necessity of purifying water from different
pollutants including pesticides. This research involves synthesis of the
cellulose based adsorbents modified with 2-furan carbonyl chloride and
cellulose modified with 2,6-pyridine dicarbonyl dichloride. Cellulose
nanocrystalline (CNC) was also evaluated as a reference. The prepared
cellulose-based adsorbents were characterized by SEM, FT-IR spectroscopy,
H! NMR and TGA. Obtained SEM images showed that the adsorbent has an
amorphous morphology, which made them ideal as adsorbents. They also

showed good thermal stability as shown by TGA.

The adsorbent efficiencies of cellulose based adsorbents in addition to CNC
were evaluated toward adsorption of the pesticides difenoconazole and

tetraconazole in water.

The maximum extent of removal of difenoconazole and tetraconazole from
water was shown by the cellulose modified with 2-furan carbonyl chloride,

the adsorption efficiency reached 96.63% for 10 ppm Difenoconazole
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concentration at 30 °C, pH 8, 20 minute contact time and 20 mg adsorbent
dose. For 8 ppm Tetraconazole concentration, the percentage removal was
98.51% at 20 °C, pH 4, 15 minute shaking time and 20 mg adsorbent mass.
The cellulose modified with 2,6-pyridine dicarbonyl dichloride derivative
showed a removal efficiency about 95% for both difenoconazole and
tetraconazole. Nanocellulose bio adsorbent showed a removal efficiency of

93.08% and 91.73% for Difenoconazole and Tetraconazole, respectively.

Adsorption isotherms, kinetics and thermodynamics were also investigated.
Adsorption parameters detect that these adsorptions fitted with the Langmuir
isotherm of adsorption and all reaction mechanisms fitted with pseudo-
second-order adsorption kinetic model. The thermodynamic parameters
proved that these reactions are favorable at room temperature, in which they

are both spontaneous (AG < 0) and exothermic (AH < 0)

The synthesized adsorbents was also regenerated, and the percentage
removal before and after adsorbent recovery was determined. The results
showed a promising percent of removal for Difenoconazole and

Tetraconazole.



CHAPTER ONE

INTRODUCTION

1.1 Background

1.1.1 Global Need for Clean Water

Water covers around 70% of our planet, but only 2.5% of this water is
freshwater. This limited resource will need to support a projected population
of about 9.7 billion by the year 2050; this means that an estimation by 3.9

billion will live by that date in severely unsafe water conditions [1, 2].

The pressure in using water resources results not just because of the population
numbers but also due to excessive use. The global population tripled in the 20th
century, however using water resources increased six-fold [3]. By the year
2050, water demands are expected to increase by 130% from household use

and by 400% from manufacturing use [4].

The importance of water is very critical, but more importantly is the issue of
having clean water for all people in the world. In general, clean water is the
water that has an acceptable level of useful minerals, without any toxic

substances, pathogenic organisms, taste, color and turbidity [4].

According to the World Health Organization (WHO), there are more than
1.1 billion persons cannot get any access to improved water supply. The
results of inadequate water sources are catastrophic with 2.2 million deaths

due to diarrheal diseases each year as an example. Generally, there are many
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infectious agents detrimental to human health that grow in
unsanitary/contaminated water and causing number of waterborne illnesses,
such as typhoid, cholera, diarrhea and hepatitis. There are approximately 10—
20 million people die each year due to waterborne diseases, and nonfatal

infection causes death of more than 200 million people annually. [5-7].

Continuing coordination and cooperation between nations is so crucial for
ensuring adequate and clean water is available for human, environmental and

economic requirements [7].

1.1.2 Water Pollution

Toxins transferred by water can be regarded as one of the most harmful
factors to humankind and environment. Water can be polluted with many
toxic chemical substances including pesticides. These days, pesticides usage
has been increased because of diversification of plant pests and agricultural
development. The passage of water through heavily sprayed and fertilized
agricultural lands has serious impacts leading to pollution of groundwater

and surface water [8-10].

As a result of the uncontrolled pesticides practices for industrial and
agricultural purposes, wastewater containing pesticides of high toxicity
considers a worldwide public health issue [11]. Pesticides can be synthetic
or natural compounds that are used to control pests. One of the most
significant and earliest studies of the environmental effects of pesticides was
published in 1962 [12]. In general. There are several studies performed in the

past decades indicate that pesticides typically used at the ground surface
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penetrate underground and leading to water pollution [13]. These toxic
materials remain in underground resources due to environmental conditions
and chemical structure. There are no comprehensive information on pesticide
residues in the environment. However, many factors including chemical and
physical characteristics of pesticides, as well as, weather conditions, can play
an important role in toxin residues in the environment. The amount of these
pollutants is determined to be under the permissible limits of pesticides in

water (0.1 — 0.5 pg/L) [14].

1.2 Pesticides

1.2.1 Persistent Organic Pollutants

Persistent organic pollutants (POPs) are defined as organic compounds that
resist biological, chemical, and photolytic degradation. These compounds are
characterized by their semi-volatile, persistence, biomagnify and
bioaccumulative properties. The presence of physicochemical characteristics in
POPs permits them to occur either in the vapor phase or adsorbed on the
atmospheric particles (aerosol), and hence enabling POPs to move for very long
distances in the atmosphere before deposition occurs. Thus, they are supposed

to be found in all over the world and in measurable concentrations [15].

The Stockholm Convention initially addressed twelve priority POPs; since
then, these have been extended to 28 POPs by the year 2017. Despite the fact
that many of these toxic materials were banned in the 1970's and 1980's, and

others have Dbeen restricted in several countries, Persistent Organic
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Compounds are still found in our air, soil and water in considerable amounts

[15, 16].

POPs are classified into organochlorine pesticides that have been proven to
be the widest production, use and release characteristics; as well as, they have
the most resistant to degradation. Examples of Organochlorine pesticides are
DDT and Aldrin. Persistent Organic Pollutants also include industrial
chemicals, such as polychlorinated biphenyls (PCB). Additionally, some
unintentional by-products of many industrial processes, especially
polychlorinated dibenzofurans (PCDF) and polychlorinated dibenzo-p-
dioxins (PCDD) [16].

POPs persistency can be measured by their half-life duration (t,,) or which
can be also called Disappearance time 50 (DT50). For example;
organochlorine DDT pesticide has a DT50 ranges from 2 to 15 years
depending on the environment. The presence of POPs in the environment
also affects human health through polluted drinking water, bio-accumulate

in organisms and bio-magnify throughout the food chain [16-18].

Humans can be exposed to POPs through the direct exposure, occupational
accidents and through the environmental pollution (including outdoor and
indoor pollution). Short-term exposures to high concentrations of POPs may
result in death. Chronic exposure to POPs; even to low levels, may be
associated with a wide range of adverse health effects; such as cancer,
endocrine disruption, reproductive and immune system alteration,

neurobehavioral and developmental disorders. Furthermore, exposure of
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humans to POP can eventually occur, via leaching of pollutants from treated
soil into aquifers. As the majority of POPs are semi-volatile compounds, they
are able to cycle among soil, air and water [16-18]. Characteristics of POPs
include subcooled liquid vapor pressure, octanol-water (log Kow) partition
coefficients, that give information about molecule hydrophilicity. As well as,
temperature of condensation. These characteristics enable the determination
of the mobility of a persistent pollutant through a transportation cycle in the

water, atmosphere, or soil [18, 19].

1.2.2 Persistent Pesticides in Groundwater

Pesticides have been increasingly and widely used due to the high nutritional
demand by the world’s population which significantly increases year by year.
These organic compounds used for controlling agricultural pests, such as
insects, weeds, rodents, and plant pathogens. Based on their chemical
structure, pesticides are divided into four general categories:

Organochlorine, Organophosphorus, Pyrethroid and Carbamate [20-22].

The persistence property of a Pesticide is often expressed in terms of half-
life (), that is defined as the length of time required for one-half of the
original quantity to break down, pesticides can be divided into three
categories based on half-lives: non persistent (t 5, < 30 days), moderately
persistent (30 days < t+, < 100 days), or persistent pesticides (t ,> 100 days).
As a result of the mobility of many persistent pesticides in soil, groundwater
becomes more susceptible to pesticide contamination [23, 24]. Pesticides

mobility can be affected by several factors, such as; distance of water sources
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from the area of application as shown in (Figure 1.1), vapor pressure of
pesticide and its solubility in water. In addition, site and environmental
factors have a significant effect on pesticides mobility, for example; weather,
topography, canopy and ground cover, soil organic matter, soil structure and
texture (percent sand, silt, and clay). Pesticide contamination of groundwater
is of vital, especially in Palestine, where the main source of drinking water

Is groundwater aquifers [25-28].

volatilisation
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Figure 1.1: Sources and transport of pesticides in the environment [28].

There are many toxic pesticides that are used in Palestine, examples of these
organic  pollutants include Malathion, Oxadiazon, Endosulfan,

Difenoconazole, Tetraconazole and others [29].



1.2.3 Difenoconazole

Difenoconazole, [1-((2-(2-Chloro-4-(4-chlorophenoxy)phenyl)-4-methyl-
1,3-dioxolan-2-yl)methyl)-1H-1,2,4-triazole] has a solubility in water of (15
mg/L) at room temperature. In addition, it is very persistent pesticide with
half-life in soil of more than 7 months. The chemical structure of
Difenoconazole is shown in (Figure 1.2). This synthetic fungicide is used to
prevent fungal diseases in plants owing to its systemic and broad-spectrum
antifungal activities, for instance; basidiomycetes, ascomycetes and
deuteromycetes. It is also an ergosterol biosynthesis inhibitor which is used

during the entire growing season of crops [30, 31].

N
N\ /]
Figure 1.2: Chemical structure of Difenoconazole (C19H17CI2N303).

Difenoconazole considered as an inhibitor of aromatase activity in human
adrenocortical carcinoma cell line H295R. Due to its different molecular
configurations, enantiomers of this pesticide probably exhibit
stereoselectivity in the process of distribution, toxicity, absorption and
degradation in the environment. Since previous studies on the fungicidal
activity of difenoconazole implied that the biological activities of
difenoconazole had enantioselectivity with the (2R,4S)-difenoconazole with

a more pronounced fungicidal activity more than other forms [31-33].
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Comparing difenoconazole with other triazole fungicides, it possess
relatively high acute toxicity, so the contamination of aquatic ecosystems by
difenoconazole is of a great environmental concern. In addition, exposure of
water polluted by the pesticide difenoconazole has hazardous effects on

human health that may cause death in case of high concentrations [31-33].

Removing of Difenoconazole by remediation was investigated in previous
studies. As well as; several adsorbents for Difenoconazole extraction from
water was suggested, such as; cyclodextrin-bases adsorbents, mesoporous

activated carbon and graphene-based compounds [34-38].

1.2.4 Tetraconazole

Tetraconazole, [(RS)-2-(2,4-dichlorophenyl)-3-(1H-1,2,4- triazole-1-yl)propyl
1,1,2,2-tetrafluoroethyl ether] considers as a systemic fungicide containing a
triazole group. This pesticide was introduced in the year 1973. Tetraconazole
considers relatively soluble in water (156.6 mg.L™). In addition, it is highly
effective in controlling and decreasing the adverse effect of a wide range of
diseases; such as, powdery mildew and scab on the fruits, powdery mildew on
the cucumbers and vines, as well as; powdery mildew and rust on the

vegetables. Its chemical structure is shown in (Figure 1.3) [39].



Z | Cl
N

CONTYTN
N— Cl

0]

F%
F

F

Figure 1.3: Chemical structure of Tetraconazole (C13H1:Cl2FsN3O).

As a result of the presence of the tetrafluoroethoxy group in Tetraconazole
pesticide, it can act either as a lipophilic material or a hydrophilic material.
Furthermore, the well-balanced ratio of hydrosolubility/ liposolubility will
result with excellent systemic activity. Tetraconazole can rapidly enter the
plant and distributes equally throughout the treated plant tissues; resulting
with very good level in plant protection even in the vegetation grown after

the spray or in the untreated section [39, 40].

Microbial degradation, photolysis and hydrolysis for tetraconazole fungicide
move and proceed slowly in soil. Several field and laboratory studies
estimate the half-time (t1,) of tetraconazole that depends on its application,
concentration and soil texture, to be in the range from 69 days to more than

1688 days [40].

The persistency and bioaccumulation for tetraconazole affects adversely on
environment and humankind, for instance, causing liver damage, kidney
failure, and nervous system disorder. In order to reduce usage of this
pesticide, the EU authorizes the limited use of tetraconazole pesticide for

crops on the same field every third year [41-43].
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Previous literatures suggested several methods of removing tetraconazole
from water. Among them, light Induced Degradation and mesoporous
alumina.  Additionally, magnetic  graphene  nanoparticles and
nanomembranes have been used successfully as adsorbents for the process

of extracting tetraconazole pesticide from aqueous solutions [44-46].

1.2.5 Water Treatment

In order to minimize the adverse effect of pesticides, there are some strategies
available for the removal of pesticides in wastewater, such as; solid phase
extraction [47], photocatalytic degradation [48], ozonation [49], combined
photo-Fenton and biological oxidation [50], advanced oxidation processes [51],
fluid extraction [52], aerobic degradation [53], Nano filtration membranes [54],
coagulation [55] and adsorption. Among the various methods, adsorption is the
most promising one due to its high efficiency, flexibility, simplicity, ease of

operation and low consumption [56-58].

In addition, purification of water using nanomaterials, such as Nano-
powders, Nano-filters, Nano-adsorbents and others, has been considered to
have a good treatment potential. Effective nanomaterials production with
less waste and little resources in order to reduce pollution are becoming more
and more available in the world. Using Nano-particles and Nano-adsorbents
is considered a promising and useful method for reducing the potential risks
of various pesticides in water because of large surface area, porous size,

optical and electronic properties [58].
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1.2.6 Situation of Water in Palestine

Palestine considers as one of the scarcest water availability ‘per capita
supply’ in the whole world, with average domestic water consumption of just
70 liters per capita per day (Ipcd), falling short of the ‘absolute minimum’
standard of 100 Ipcd, that is recommended by the World Health
Organization. This water scarcity results from both natural and man-made
constraints, such as, increasing population numbers and industry, but above
all reasons, occupation practices and restrictions imposed on both the water

resources and its sector's development [59-61].

Palestine considers an agriculture country with excessive daily use of
pesticides. Generally, any pesticide should be used just for the targeted pests
with limited and suitable amounts. However, as a result of the knowledge
gap about pesticides correct use, many farmers follow the rule “if little is
good, a lot more will be better” that hence played very havoc effect on both

humankind and environment [62—64].

1.3 Adsorption

1.3.1 Adsorption Features and Types

Adsorption technique is important process of utilitarian significance. It has
practical applications in industry, biology, technology, and environmental
protection. The efficiency of this treatment method depends on a number of
factors. For instance, the nature of adsorbate and adsorbent, the surface area

of the adsorbent and its activation. Also, it depends on experimental
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conditions, such as; pH, temperature and pressure [65].

Adsorption is a surface phenomenon that refers to the adhesion of the
adsorbate on the adsorbent surface. The adsorbate is an atom, ion or molecule
that adsorbs on the pores of the surface, while the substance on which
adsorption occurs is called the adsorbent. Adsorbate can be gas, liquid, or

dissolved solids. Whereas, adsorbent may be a liquid or a solid [66].

Adsorption is more effective and suitable purification method for removing
different pollutants over other conventional treatment techniques. This is
because of its low cost, simplicity, possibility of adsorbent recovery, high
efficiency in minimization of many chemical and biological wastes, and

successful operation over a wide range of temperatures and pH values [67].

This treatment method results in forming a new intermolecular attraction
forces between the adsorbate and the adsorbent. Depending upon the type of

these forces, adsorption can be classified into two types.

Physical Adsorption (Physisorption)

Physical adsorption is characterized by weak intermolecular forces of
bonding usually as dipolar interaction. It also has low heat of adsorption so
it requires a little or no activation energy at all. Physisorption forms multi—
molecular layers and it is not very specific. In addition, this type of
adsorption is reversible, as the adsorbate molecule does not remain fixed on
a specific location on the adsorbent surface, so it will be free to move from

one position to another, and hence making adsorbate recovery is possible.
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Physisorption usually takes place at low temperatures and can be easily

reversed by heating or by decreasing the pressure [67, 68].

Chemical Adsorption (Chemisorption)

Chemisorption is irreversible, specific adsorption and taking place at high
temperatures. The forces of interaction in chemical adsorption are strong
chemical bond forces, such as covalent and ionic bonds. Also, it has
relatively high adsorption enthalpy, so that; this adsorption usually requires

high activation energy to be happened [68].

1.3.2 Equilibrium Isotherm Models

Adsorption process can be investigated and studied using the adsorption
isotherm, that relates the amount of adsorbate on the adsorbent surface as a
function of concentration (for liquid materials) or its pressure (for gases) for
isothermal adsorption process (constant temperature). The data analysis for an
Adsorption isotherm is very vital in order to determine the parameters of the

adsorption equation that hence detects the observed results [68].

The most common studied adsorption isotherms in which they are usually
applied for Liquid / Solid systems, include the theoretical equilibrium

adsorption isotherm models that are Freundlich and Langmuir isotherms [68].

1.3.2.1 Langmuir Adsorption Isotherm

Langmuir Isotherm is usually called “ideal monolayer localized adsorption

model”; it was developed for representing chemisorption. Langmuir
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isotherm based on the following assumptions: adsorption is limited into
monolayer coverage, in which the adsorbed molecules cannot move or
migrate across the adsorbent surface or interact with other neighboring
molecules. Furthermore, the adsorbent surface in Langmuir adsorption
model is uniform such that the adsorption sites are all have the same energy

amount (i.e. energy equivalent of all adsorbent pores) [69].

Langmuir adsorption equation detects the coverage of adsorbate on the
adsorbent solid surface to the amount of concentration for the medium above
adsorbent solid surface, in which the process occurs at fixed temperature.

Langmuir equation (1.1) can be represented as the following [69]:

C_1 i lc, (1.1)

Where;

- Ceis the equilibrium concentration of adsorbate (mg/L).

- b is a value represents the Langmuir affinity constant (L/mg).

- Qo Is a value represents the adsorption capacity at equilibrium (mg/g).

- Qe represents the adsorbate amount divided to the adsorbent mass with the

unit of (mg/g), ge can be calculated using the following relation (1.2):

ge = (Co—Co) = (1.2)



15

Where;

- C, Is the initial concentration of the adsorbate (mg/L).
- V is solution volume (L).

- m is the mass of the adsorbent (g).

- (G, — Ce) is the adsorbed amount (ppm).

Using equation (1.1), a plot for (C¢/ge) values versus Ce values for each
adsorption can be used to detect the Langmuir isotherm parameters which

are (1/Q,) as slope and (1/bQ,) as y-intercept [69].

1.3.2.2 Freundlich Adsorption Isotherm

Freundlich isotherm model has been described by adsorption to surfaces
supporting sites with different affinities values or to adsorption on adsorbent
heterogeneous surfaces. This isotherm model depends on a phenomena that
stronger adsorbents binding sites will be occupied in the beginning of the
adsorption, such that; the binding strength decreases with increasing the

degree for site occupation [70].

According to Freundlich isotherm, the adsorbed mass divided to the mass of

adsorbent can be expressed using equation (1.3) [70].
logq. = logKy + %logCe (1.3)
Where;

- Kk is constant for Freundlich isotherm detects the adsorption capacity

(mg/g).
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- n value is the Heterogeneity coefficient  and it can be used as an
indication parameter to determine if the adsorption process is favorable or

not (g/L).

1/n value represents the adsorption intensity, if values of (1/n) < 1, this
indicates a normal adsorption. In case that, 1 < (1/n) < 10, this is indication

of having a favorable adsorption.

Depending of equation (1.3), a plot of logge on y-axis versus logC. on x-axis
can be used to detect the parameters for Freundlich isotherm including logKe

as the plot y-intercept and slope of (1/n) value [70].

1.3.3 Adsorption Kinetic Models

Adsorption kinetic is the measure of the adsorption uptake with respect to
time at a constant concentration or pressure and is employed to measure the
diffusion of adsorbate in the pores. The adsorbate particles are transferred
from bulk solution reaching the boundary layer of water molecules
surrounding the adsorbent depending on molecular diffusion through water
stationary layer. Adsorbate molecules are then transported to an available
adsorbent site and hence forming an adsorption bond between the adsorbent

and the adsorbate [71, 72].

There are many kinetic adsorption models that are suggested for describing
the adsorption kinetics and reaction rate-limiting step. In general, Kinetic
models give vital information to know the adsorption behavior, as well as;

the reaction rate in which such a specific constituent is adsorbed on an
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adsorbent. Furthermore, these models detect whether the adsorption is fitted
with a chemical or a physical adsorption, and which step in the reaction

mechanism is the rate-determining-step [72].

Examples for the kinetic adsorption models including but not limited; , first-
order-reversible-reaction-kinetic-model, external-mass-transfer-model,
pseudo-first-order model, pseudo-second-order-model, Weber and Morris
sorption kinetics, first-order equation of Bhattacharya, Venkobachar and
Elovich’s kinetic adsorption models, Adam-Bohart-Thomas kinetic adsorption

relation. [73, 74].

1.3.3.1 Pseudo First—-Order Kinetics

This kinetic adsorption model is considered the earliest model developed of
investigating adsorption Kkinetics. Equation (1.4) represents the final

integrated equation for pseudo-first-order model:

K
log(q. — q.) = logq. — 5 -t (1.4)
Where,

- Je and g; represent the masses of adsorbate divided to the adsorbent mass at

equilibrium time (t¢), and at time (t) respectively (mg/g).

- k1 is pseudo-first-order-kinetic adsorption rate constant with a unit of (mg.

mint. g?).

By using equation (1.4), a plot of log(qe—q:) on y-axis versus time values (t)

on x-axis will give a straight line of pseudo-first-order-adsorption model
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with y-intercept of logge and a graph slope equals (-k1/2.303) [74].

1.3.3.2 Pseudo Second—Order Kinetics

This adsorption kinetic model detects that the rate-determining-step can be
fitting with a chemical adsorption that includes valence forces, such that;
electrons will be exchanged or shared between the adsorbate and the

adsorbent [75].

Pseudo-second-order-adsorption-kinetic model can be represented by

equation (1.5).

t 1 1
q  kzq? + ;t (1.5)

Where;

- k, represents pseudo-second-order-kinetic adsorption rate constant at

equilibrium with a unit of (g. min-t. mg™).

Depending on equation (1.5). The plot of t/g; on y-axis versus time (t) on x-
axis gives a linear relationship that detects the computation of a second-order
rate constants including k, and ge, in which (1/ge) is the graph slope and (1/K;

qe%) as the y-intercept [75].

1.3.3.3 Intra-Particle Diffusion Kinetic Model

Intra-Particle Diffusion Adsorption model assumed a theory that was
proposed by Morris and Weber scientists. Equation (1.6) is representing the

adsorption kinetic model [76].

q. = K,t%° +C (1.6)
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Where,

- K, represents Intra-Particle-Diffusion-adsorption-model rate constant with

a unit of (mg/g.min%?).

- C is a constant related to the boundary layer thickness with a unit of (mg/g)

[76].

Using equation (1.6), a plot of g;on y-axis versus t'2 on the x-axis gives a
linear relationship for intra-particle diffusion adsorption model in which the
constant C represented the graph y-intercept and the rate constant K, is the

slope [76].

1.3.4 Adsorption Thermodynamics

Thermodynamic studies of any adsorption process are vital to investigate if
such an adsorption is a favorable process or not. The thermodynamic
adsorption behavior is investigated depending on calculating the
thermodynamic adsorption parameters: Change in Entropy (AS), Change in
Gibbs Free Energy (AG), and Enthalpy Change (AH) such that; AG and AH
have a unit of (J) and the unit of AS is (J/K) [76, 77].

Equation (1.7) represents the general relation between the thermodynamic

adsorption parameters [76—78].
AG =AH - TAS (1.7)
Where; T represents the absolute temperature with a unit of (K).

The Change in Gibbs Free Energy (AG) can be also represented by using
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equation (1.8).

AG = - RT InKj (1.8)
Where;
- R is the Universal Gas Constant that equals a value of 8.314 J/K.mol.

- Ky is thermodynamic equilibrium constant that equals a value of (ge/Ce)

with a unit of mol or (L/g).

Combination of the above two equations, equation (1.7) and equation (1.8)

will result in the following relation :

AS AH
and = K — ﬁ (19)

Depending on equation (1.9), graph of InKq values on y-axis versus (1/T) on
the x-axis gives a straight line relationship with a slope of (-AH/R) and
(AS/R) as the plot y-intercept. The name of this resulting plot is Van’t Hoff
graph [78].

An objective of this work is to develop natural-based adsorbent forms for
removing pesticides from water. The natural material selected for this work

is cellulose.

1.4 Cellulose

Cellulose is one of the most abundant biological and renewable compounds
worldwide. This polymer consists of S-D-glucose units linked together by
(1—4) glycosidic bonds to form cellobiose residues that are the repeating

units in the cellulose chain. Cellulose consists of three hydroxyl groups per
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anhydroglucose unit, that giving the molecule a high degree of functionality
[79]. Cellulose can be used successfully as an industrial feedstock of many
derivative materials and for wunlimited numbers of commercial,
pharmaceutical and other applications. In addition, modifying of the
cellulose polymer surface can be of great interest, as a results of its large

range of potential applications that can be applied [80].

Plants contain approximately 33% cellulose, whereas wood and Olive Solid
Waste (OSW) contain around 50%, and cotton contains 90%. Extraction of
Cellulose from OSW is of great importance, especially in Palestine, where
the olive oil industry is one of the most economically important agro-food
sectors. In general; there are several methods that can be used for cellulose
extraction. The properties of the extracted cellulose and the degree of its

purity depend on its raw material and pretreatment methods [81-83].

In particular, for extracting cellulose from its natural source like wood or
olive industry solid waste, there are two main processes; Pulping and

Bleaching [83].

Pulping process

It includes mechanical or chemical pulping. Mechanical pulping usually
results in little or no waste, but it requires high energy. While, chemical
pulping depends on treatment using chemicals at high temperatures. It can
be applied in several methods, for instance; Kraft pulping, Steam explosion

and Sulfite process [81-83].
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Bleaching Process

It aims to improve the cleanliness of the pulp by removing extractives.
Bleaching includes many steps, such as; chlorination, hypochlorite

bleaching, chlorine dioxide bleaching and others [82, 83].

1.4.1 Microcrystalline Cellulose (MCC)

Microcrystalline cellulose is prepared from cellulose by purified
depolymerization process, which usually carried out by treating cellulose
with mineral acid. In the process of acid hydrolysis, the non-crystalline
region is preferentially hydrolyzed. So that, the cellulose crystals are
released. In the initial stage of the hydrolysis, the polymerization degree of
cellulose decreases dramatically, but it approaches to a constant value,

known as the leveling-off degree of polymerization (LODP) [84-86].

1.4.2 Cellulose Nanoparticles

Cellulose Nanocrystalline (CNC) or Nanocellulose is highly versatile bio-
based renewable and relatively inexpensive material that has many
advantageous properties, including biodegradability and nontoxicity.
Nanocellulose has low density (1.6 g.cm) and reactive surfaces of hydroxyl
(—OH) sites which facilitates surface functionalization through grafting and
click reactions in order to achieve various modifications with different

surface properties [87].

Nanocellulose has a numerous potential applications, such as; its usage in the

preparation of high-performance composites, it also has attracted much
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attention from industry. Owing to the low energy consumption and the
addition of significant value, Nanocellulose extraction from agricultural

waste is one of the best promising alternatives for waste treatment [87-89].

In general, Nanocellulose can be obtained from concentrated acid hydrolysis
of microcrystalline cellulose. Compared to microcrystalline cellulose,
nanocrystalline cellulose possesses many advantages, due to high surface
area, nano scale dimension, high specific strength and modulus, unique
optical properties and many others. These physicochemical properties, as
well as, wide application prospects of Nanocellulose have attracted

significant interest from both industrialists and research scientists [89, 90].

1.4.3 Cellulose Solvents

As cellulose may degrade before melting upon heating; the dissolution and
regeneration of cellulose are of vital and importance in order to process
native cellulose into various geometries, such as; film, fiber and others. The
complex structures of cellulose polymer with both crystalline and amorphous
regions making it difficult to be dissolved in most organic and inorganic
solvents. It usually be endowed with special functions through solution and

graft copolymerization [91].

Cellulose should be dissolved in the homogeneous system of cellulose
solvent in order to become a molecule-dispersed system of stable
thermodynamic property. The solvents that commonly used to dissolve
cellulose include ammonia/ NH,SCN [91] NaOH/(thio)[92]
LiCl/DimethylAcetamide  (DMAC) [93] N-methylmorpholine-N-
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oxide/water [94] and ionic liquids [95]. Among these solvents, LiICI/DMACc
is considered to be a very good solvent system for cellulose with many
advantages, including, no chemical degradation during dissolution, as well
as; dissolving high molecule weight cellulose (> 10° g/mol) with perfect
solution stability and without any chemical degradation. Thus, LiCI/DMACc
has been widely used in many scenarios including chemical modifications
and analysis processing [96-98].

DMAC
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Figure 1.4: Dissolution of cellulose in LICI/DMACc solvent system [98].

LiCI/DMACc solvent system was found to be the only functioning lithium
salt-organic solvent combination for dissolving cellulose in 1980 by

McCormick [99].

The dissolution of cellulose in LiCI/DMAC, is shown in (Figure 1.4). There
are many studies investigated that chloride anions interact strongly with the
hydroxyl groups of cellulose, which leads to the ionization of cellulose
chains and the following dissolution in LiClI/DMAc. Such that, interaction of
chlorine anion with cellulose hydroxyl protons results in the formation of
competitive hydrogen bonding and disrupts the original intermolecular
hydrogen bonding of cellulose. In addition, it is found that the native

cellulose can be dissolved quickly in LiCI/DMAc only after being pretreated
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by water, methanol or DMAc. The dissolution of cellulose is also affected
by its source, for example; the cellulose from annual plants required longer
dissolution time than that from wood due to hemicellulose hindering. As well
as, studies have suggested that the dissolution of cellulose in LiCI/DMACc

was better at 5 °C than at 25 °C [99, 100].

The dissolution kinetic of cellulose in LICI/DMACc strongly depends on its
solvent treatment conditions. By comparison, even though the solvent
treatment of cellulose significantly improves its dissolution rate in
LiCI/DMACc, studies has obtained nano-sized pores of 1 nm that are created
after dissolution and the inter-molecular hydrogen bonding (O3-06)
becomes weaker. In addition, the mobility of cellulose is enhanced and the
characteristic length is shortened. For the solvent treatment, the solvent type
has strong influence on the dissolution of cellulose. Such that, DMACc treated
cellulose could be dissolved much faster (in few hours) than untreated

cellulose (more than 1 year) [100-102].

1.4.4 Cellulose based Derivatives

As known, Cellulose is the most important and abundant organic and
renewable biopolymer produced by plants worldwide, as well as, the most
predominant basic structural component of all plant fibers. The molecular
structure of cellulose is of prime importance, as it explains many of its
characteristic properties, such as; biodegradability, high functionality,
hydrophilicity and chirality. As a renewable material, cellulose polymer and

its derivatives have been widely studied, focusing on their chemical,
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biological, as well as; mechanical properties. Resource of cellulose in the
nature increases by means of annual biosynthesis of 75 billion tons.
Therefore, production of cellulose nanomaterials can be inexpensive source

with so many applications [103-106].

Derivatizing cellulose interferes with the orderly crystal-forming hydrogen
bonding, so that even hydrophobic derivatives may increase the apparent

solubility in water [103-106].

Carboxymethylcellulose, Methylcellulose, Cellulose acetate, Ethylcellulose
and native cellulose have been used in various industrial applications that
included but not limited to; emulsifier, lubricant, glue and binder, barriers
films, optical and biomedical devices, pharmaceutical raw materials, flame
retardants, resins and filters, blends and composites. The unlimited
applications of cellulose derivatives are because of their low cost, softness,
comfort, toughness, natural feel, transparency and many other favorable

aesthetic properties [107, 108].

1.4.5 Applications of Nanotechnology

Nanotechnology is the understanding and controlling matter at dimensions
about 1-100 nm that can used in many novel applications. Nanomaterials
from cellulose and lignocelluloses are very important in nanotechnology
field. Nanocellulose derivatives have received a lot of interest in the last few
decades because of unique characteristics, such as; having high tensile
strength, low coefficient of thermal expansion, and high surface area to

volume ratio [109-111].
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Nanocrystalline cellulose is the individual nanocrystalline regions of
elementary nanofibrils of crystalline cellulose obtained after the amorphous
regions have been removed via hydrolysis with strong acids, in which their
particle size depending on temperature, acid concentration and time.
Nanocrystalline cellulose in the range of 100—-300 nm long has been isolated
and it is anywhere from a tenth to a quarter of the strength of carbon
nanotubes. A decreased in the size of a nanoparticle leads to a fractional
increase in the surface atoms and consequently, it increases reactivity and

makes them highly reactive [111, 112].

Cellulose nanocrystals can be used as a starting material for the next
generation of cellulose based materials of high mechanical strength,
toughness, load bearing potentials, light weight, low density, low cost,
biodegradability, enhanced energy recovery and chemical property stability.
Under careful selection of reaction conditions, highly crystalline rod-like
hydrophilic cellulose nanocrystals with properties comparable to other Nano
reinforcement materials can be obtained. Cellulose nanocrystals have low
cost compared to other nanoparticles and have high aspect ratio (length /
diameter) varying between 30-150 depending on the source, and the

processing method from which it is obtained [111-113].

Nanocrystalline cellulose materials have been used as strong template for
impregnation for a wide range of different nanomaterials to form composites.
For example, mineral (Cax(POas)y, CaCO3and montmorillonite), metals (Au,

Ag, Pd, Ni, ..., etc.), and carbon (carbon nanotube and graphene)
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nanomaterials have been incorporated into nanocellulose, and materials with
extraordinary optical electrical and catalytic properties were also obtained

[111-113].

Generally, ultra-small nanomaterials have many unique physicochemical
properties; for example, high bonding ability, developed specific surface and
high degree of reactivity, which are different from macroscopic materials of
the same composition. These properties significantly expand the application
areas of nanomaterials. The main technical applications of nanomaterials
include nanochips, nanosensors, nanocomposites, nanoscale labels and
indicators. In pharmaceutics and medicine, nanomaterials can also be used
as carriers for drug delivery, as well as; for advanced treatment and
diagnostic methods. Furthermore, nanomaterials can be used for water

treatment from different pollutants with high degree of efficiency [112, 113].

1.5 Research Objectives

1.5.1 General Objectives

1. Design and synthesize cellulose based novel adsorbents for Pesticides.
2. Evaluate the efficiency of the target adsorbents toward pesticides
removal from water.

3. Develop a method for regenerating the adsorbents and reuse them,
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1.5.2 Specific Objectives

1.

Synthesis of novel environmental friendly compounds including
Cellulose nanocrystalline, Cellulose functionalized with 2-furan
carbonyl chloride, and Cellulose functionalized with 2,6-pyridine
dicarbonyl dichloride.

Removal of Difenoconazole and Tetraconazole pesticides from water
using the new synthesized adsorbents.

Study the several solution factors such as; pH, time, concentration,
temperature and adsorbent dose, to investigate the extent and the
efficiency of each adsorption process.

Study the adsorption isotherms, kinetics and thermodynamics of the
adsorption of pesticides on cellulose derivatives.

Recovery of cellulose-based derivatives after adsorption process and

finding the efficiency of multiple reusing of each adsorbent.

1.6 Research Questions

1. What are the optimum conditions of pH, temperature, contact time,

concentration of adsorbate and amount of adsorbent for the synthesized

materials to adsorb persistent pesticides efficiently?

2. To which extent the new synthesized cellulose compounds can tolerate

and adsorb pesticides in water?
Can cellulose derivatives be used to clean up polluted water to high

degree of purification?
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1.7 Novelty of Thesis

Finding out ideal and novel treatment technique which is ready to uptake
persistent pesticides such as, tetraconazole and difenoconazole from the

water.
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CHAPTER TWO

EXPERIMENTAL PART

2.1 Chemical Materials

Chemicals were of analytical grade, materials were purchased from Sigma
Aldrich Companies for chemical substances in Munich, Germany and
Jerusalem, Palestine. All materials were used without any further treatment
unless otherwise specified. The chemicals for this project were: ethanol,
anhydrous lithium chloride (LiCl), sulfuric acid (H,SO,), triethylamine
(EtsN), Argon gas, Nitrogen gas, anhydrous dimethylacetamide (DMAC),
acetonitrile, sodium hydroxide (NaOH), hydrochloric acid (HCI), dimethyl
sulfoxide, 2-furan carbonyl chloride, 2,6-pyridine dicarbonyl dichloride,

difenoconazole and tetraconazole.

2.2 Instrumentations

The analytical instruments include: pH meter (JENWAY model: 3510,)
Glassware, Mechanical Ultrasonic Cl, : Water shaking Bath (Daihan Labtech
(20 to 250 rpm Digital Speed Control), Thermometer, Thermogravimetric
analysis (TGA) (rate of increasing temperature =10 °C/min, N, is used as
gaseous atmosphere), Proton Nuclear Magnetic Resonance using a Bruker
600 MHz spectrometer and equipped with a 5 mm broadband CryoProbe
Prodigy (Forschungszentrum Jilich), Scanning Electron Microscope (SEM,
Tubney Woods, JEOL 7400F Oxford Instruments Inca, Abingdon, Oxon
0X13 5QX, UK), Ultraviolet-Visible Spectrophotometer (UV-1601 model,
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SHIMADZU), Fourier-Transform Infrared Spectrophotometer (Nicolet iS5,
ID3 ATR, Thermo-Scientific), High Performance Liquid Chromatography
(HPLC) instrument (Waters 1525 Binary HPLC Pump ,Waters, Singapore)
with Waters 2998 Photodiode Array Detector (PAD).

2.3 Extraction of Cellulose from OISW

2.3.1 Kraft pulping

Kraft pulping was conducted on the extracted pulp in a 20 L
beaker covered with a watch glass (it is usually better if carried out in a high
Parr Reactor of one liter capacity at 160 °C). In all experiments, the liquor
to Olive Industry Solid Waste (OISW) ratio, cooking temperature,
temperature rising time, holding time, and operational pressure were 4:1,
100 °C, 30 min, 90 min, and 50 psi, respectively. Active alkali charge is
defined as [NaOH+Na,S], and sulfidity is defined as [Na,S / (NaOH+Na,S)],
where the concentrations are expressed as g/L Na,O. At the end of pulping,
the produced pulp ‘cellulose left over after the pulping process’ was collected
using suction filtration, then washed for many times with tap water, air dried

at room temperature, and stored in plastic bags for further use [114].

2.3.2 Pulp Bleaching

Bleaching of pulp obtained from OISW was performed using bleaching

sequence DEHP, for which the individual stages were carried out as follows:
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— D-stage: Conducted in plastic container at 10% consistency, for 1 hour
at 70 °C, and 1.0% CIO; (based on the pulp weight), with an end pH of

approximately 2.5.

— E-stage: Conducted in a plastic bag at 10% consistency for 90 min at
60 °C and with 5% NaOH (5% based on pulp weight). After the
completion of the treatment, the produced pulp was filtered and washed

for several times with distilled water until neutral filtrate was obtained.

— H-stage: Conducted in a plastic bag at 10% consistency for 60 min at
60 °C and at a pH of 10, Hypochlorite charge of 2.5% based on pulp
weight, NaClO was obtained from a stock solution that contained 5% of

NaClO.

— P-stage: Conducted in a plastic bag at 10% consistency, for 60 min, at
60 °C and a pH of 9 to 11 and with 2% H,0,, 0.5% MgSO,.7H,0, and
3.0% NaOH (based on pulp weight). The mixture was filtered, washed

with water until neutralization, and air-dried [114].

2.4 Preparation of Cellulose Nanocrystalline (CNC)

Extracted cellulose was converted to cellulose nanocrystalline as follows:
(10.0 gram) cellulose was added to 500 mL beaker containing (180 mL) of
distilled water and stirred magnetically for about 30 minutes. Then, 20.0
gram concentrated sulfuric acid H,SO, is added in order to produce 10
weight% of sulfuric acid solution. After that, the mixture has been stirred

magnetically for 2.0 hours at temperature of 60 °C. The hot reaction mixture



34
was then diluted using ice-cold distilled water. After that, the colloidal
suspension has been centrifuged at 10,000 rpm and decanted. To the residue
was added a 100 mL, mixed then centrifuged and after that decanted. This
process has been repeated for three times to ensure removing sulfuric acid
and the hydrolysis product completely. The final product of cellulose

nanocrystalline adsorbent is shown in (Figure 2.1).

Figure 2.1: Cellulose Nanocrystalline product.

2.5 Synthesis of Cellulose-Based Adsorbents

2.5.1 Activation and Dissolution of Cellulose

Before modifying cellulose, lithium chloride/dimethylacetamide solvent
system was used for cellulose dissolution. Chains of cellulose polymer were
activated using water, methanol, and dimethylacetamide (DMAC)
respectively, as initial steps; which are required for having an effective and

quick process of cellulose dissolution using LiCI/DMAc [115].

Activation process does not affect the crystallinity of cellulose, but it is used
in order to have unfold chains, and hence a relaxed conformation of cellulose

by enhancing the solvent diffusion kinetics to the crystalline regions which
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are packed tightly. This process of dissolving cellulose has many advantages,
for example; it does not lead to thermal runaway reaction, ease of processing
since there is no need of additive or specialized equipment’s, as well as; there

Is a possibility of recyclable with a high recovery rate [116, 117].

In the dissolution mechanism (Figure 2.2), chloride ion interacts with
cellulose (due to CI basicity), followed by an exchange of DMACc in the
lithium coordination sphere by cellulose hydroxyl groups, since CI- ions get
accumulated along the cellulose polymer chain which results in an
anionically charged polymer, and the macro cation (Li—-DMAC) acts as the
counterion. After that, cellulose molecules are forced apart due to charge
repulsion known as a ‘polyelectrolyte effect’. As a result of the high osmotic
pressure, there is a continuous influx of solvent that disrupts the cellulose

binding forces until the polymer is solvated [116, 117].

O-H /P
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Cellulose Polymer LiCI/DMAc

Figure 2.2: Mechanism of dissolving cellulose using LiCI/DMACc solvent system.
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The experimental part for the dissolution of cellulose was carried out by
activation of cellulose (polymer mass = 1.0 g) in (100.0 mL volume) water,
the suspension was stirred magnetically for 2.0 hours at room temperature.
Then, the cellulose has been removed by suction filtration and suspended for
one hour in a 100.0 mL volume of methanol. This procedure was repeated
two times, followed with two successive exchanges with 25.0 mL of
anhydrous N,N dimethylacetamide (DMACc). The first DMAc solution
exchange was carried out for about 1.0 hour and the second one was left for
24.0 hours. After each solvent exchange, solvent was removed by suction
filtration under vacuum by using a glass centered funnel. The activated
cellulose was then transferred into a two necked round bottomed flask
equipped with a magnet stir bar, the flask was connected to a poplar via the
condenser. A solution of anhydrous lithium chloride LiCl (6.5 g) in 100.0 ml
volume of anhydrous N,N-dimethylacetamide (DMACc) was then added into
the mixture in the flask. The reactions mixture was stirred magnetically for

around 2.0 hours until a clear gel was appeared.

2.5.2 Cellulose Acylation with Furan-2-carbonyl chloride

To the cellulose solution in LICI/DMACc prepared before (Section 2.5.1) was
added trimethylamine solution (volume = 0.5 mL) dropwise under nitrogen
gas, followed by a solution of 2-furan carbonyl chloride (2.415 gram, 0.0185
mol) in 10.0 mL volume of anhydrous dimethylacetamide solution DMAC.
The produced mixture was then mixed magnetically for about 3.0 hours at a

temperature of 70 °C. It was then transferred into a beaker containing 500
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mL volume of distilled water. After that, the produced precipitate was
collected using suction filtration and washed four times using distilled water,
then and with isopropyl alcohol compound, then dried overnight at a

temperature of 25° C.

The final product of cellulose modified with 2-furan carbonyl chloride is

shown in (Figure 2.3).

Figure 2.3: Cellulose Modified with 2-furan carbonyl chloride Product.

2.5.3 Cellulose Crosslinking with Pyridine 2,6-dicarbonyl dichloride

The previous procedure (Section 2.5.2) was repeated exactly except that 2,6-
pyridine dicarbonyl dichloride (3.775 g in 10 mL DMACc) was added to the
solution of cellulose in LiCI/DMACc solvent mixture. A precipitate of the
crosslinked cellulose nanopolymer starts appearing after about 3.0 hours
from heating the reaction mixture at a temperature of 70 °C. After that, the
produced precipitate was collected using suction filtration and washed four
times with distilled water, then with ethanol, then dried overnight at room

temperature.
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Different Adsorbents can be synthesized from MCC or CNC as starting
materials by following the previous steps (section 2.5.1, section 2.5.2, and
section 2.5.3). However, In the case of using CNC as the basic compound,
we should start by suspension of CNC in methanol since CNC bio-adsorbent

is totally dissolved in water.

The final product of cellulose modified with 2,6-pyridine dicarbonyl

dichloride is shown in (Figure 2.4).

Figure 2.4: Cellulose Modified with 2,6-Pyridine dicarbonyl dichloride Product.

2.6 Adsorbents Characterization

The synthesized adsorbents have been characterized by different advanced
instruments including: Proton Nuclear Magnetic Resonance (H! NMR),
Scanning Electron Microscope (SEM), Fourier-Transform Infrared

Spectroscopy (FT-IR) and Thermogravimetric analysis (TGA).

2.7 Chromatographic Conditions

High Performance Liquid Chromatography (HPLC) instrument in which LC
solutions data handling system (Waters 1525 Binary HPLC Pump, Waters)
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with Photodiode Array Detector PAD (Waters 2998), was used for the
analysis. The data was recorded using Breeze QS software program. The
purity determination performed on a column 250 mm cartridge long, 4.6 mm
internal diameter (X TERRA C18, Sum, 250 mm x 4.6 mm). The mobile
phase consisted of 36% water and 64% acetonitrile. The flow rate was kept
at 1 mL/min. The wavelength of the UV detector was 229 nm in case of
determining difenoconazole, and 220 nm in case of tetraconazole

measurement.

2.8 Pesticides Detection in Real Water Samples

Two real samples of Groundwater from Burgin in Jenin city, and Rafidia in
Nablus city were taken in order to measure the amount of Difenoconazole
and Tetraconazole pesticides. The results for samples analysis using UV-
Visible spectrophotometry and HPLC instruments showed absence of these

two pesticides in the two real groundwater samples in Palestine.

2.9 Calibration Curves

2.9.1 Calibration Curves of Difenoconazole

Depending on dilution calculations, several standard solutions with (2.0, 4.0,
6.0, 8.0 ppm) concentrations of difenoconazole pesticide were prepared from
a solution of 10.0 ppm Difenoconazole (10.0 mg of Difenoconazole
pesticides in 1 L solution). The stock solution has then been sonicated for 10
minutes before dilution. The standard solutions were analyzed using UV-

Visible Spectrophotometer (Figure 2.5 A) and HPLC instrument (Figure 2.5
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B) at wavelength 229 nm. Calibration curves of Difenoconazole pesticide

are shown in (Figure 2.5).
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Figure 2.5: Calibration curves of Difenoconazole. (A) Using UV-Visible
Spectrophotometer, (B) using HPLC.
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2.9.2 Calibration Curves of Tetraconazole

Several standard solutions with (1.0, 5.0, 10.0, 15.0 and 20.0 mg/L)
concentrations of Tetraconazole pesticide were prepared from stock solution
of 100.0 ppm that was prepared by dissolving 100 mg tetraconazole in 1 L
solution, and then analyzed using UV-Visible Spectrophotometer (Figure 2.6
A) and HPLC instrument (Figure 2.6 B) at wavelength 220 nm. Calibration

curves of Tetraconazole are shown in (Figure 2.6).
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Figure 2.6: Calibration curves of Tetraconazole. (A) Using UV-Visible
Spectrophotometer, (B) using HPLC.



42

2.10 Batch Experiments

Solution conditions effects were discussed. Such that, 10 mg of each
adsorbent with 10.0 mL water containing known concentration of each
pesticide was shaken for studying the effects of Difenoconazole or
Tetraconazole concentrations, contact time, pH value and temperature. For
studying the adsorbent dose effect, the adsorbent mass was ranged from 1

mg to 20 mg.

Each experiment was done in triplicate and the average was calculated.
HPLC and UV-Visible Spectrophotometer were used for the filtrate in order
to detect the remained amount of Difenoconazole or Tetraconazole pesticide
and hence to determine the extent of the adsorption efficiency. As well as,
HPLC instrument was used to measure the remained pesticides
concentrations for samples containing a mixture of equal amounts of both

difenoconazole and Tetraconazole.

2.10.1 Effect of Contact Time

10.0 ppm concentration and 10.0 mL volume of standard pesticide solution
at pH value equals 7 was taken in a volumetric flask and shaken with 10 mg
of each adsorbent. In order to investigate the contact time effect on each
adsorption process, all of the solution conditions should be fixed except the
time of shaking that will range from 1 minute to 120 minutes. For each
adsorption process, temperature was kept at 20 °C. At the end of time
intervals, each mixture was filtered off and the remained pesticide amount

was detected.
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2.10.2 Effect of pH

For investigating the optimum pH value, mixture of 10.0 ppm concentration
and 10.0 mL volume of standard pesticide solution was shaken with 10.0 mg
of each adsorbent at temperature equals 20 °C, and at the optimum time for

each process.

pH value is varied from 2.0 to 10.0 and it was adjusted using concentrations
from 0.1 M NaOH solution and 0.1 M HCI solution. At the end of each
adsorption, each sample was filtered off and the remained pesticide

concentration was detected.

2.10.3 Effect of Pesticide Concentration

To find out the optimum pesticide concentration, sample of 10.0 mg of the
adsorbent was mixed with 10.0 mL of the prepared Difenoconazole or
Tetraconazole standard solutions with different concentrations (1.0, 2.0, 4.0,
6.0, 8.0, 10.0, 12.0 and 14.0 ppm) at 20 °C, with taking into account the
optimum conditions of pH and contact time for each adsorption. Then, the
remained concentration of difenoconazole or tetraconazole pesticide is

measured for each filtrate at the end of each adsorption process.

2.10.4 Effect of Temperature

10.0 mL of standard pesticide solution was mixed with 10.0 mg of each
adsorbent. In order to investigate the temperature effect on each adsorption
process, all of the optimum conditions of time, pH and pesticide

concentration should be applied at this stage. The temperature value was
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ranging from 10.0 °C to 70.0 °C. At the end of time intervals, each mixture

was filtered off, and the remained pesticide amount was detected.

2.10.5 Effect of Adsorbent Dose

For detecting the optimum mass for each of the three adsorbents, different
vials containing 10 mL of pesticide solution with the optimum concentration
at different adsorbent doses (1.0, 5.0, 10.0, 15.0 and 20.0 mg). Each sample
was placed in water bath for a time period equals the optimum contact time
for each process. The other optimum conditions of temperature, pesticide
concentration, and pH value for each adsorption process are taken into
consideration. After that, pesticide remained concentration in the filtrate is

investigated.

2.11 Adsorbents Regeneration

10.0 mg sample of cellulose modified with 2-furan carbonyl chloride or
cellulose modified with 2,6-pyridine dicarbonyl dichloride adsorbent with
10.0 mL of distilled water containing 10.0 ppm concentration of
difenoconazole or tetraconazole was shaken; taking into consideration the
optimum solution conditions. After that, the pesticide residue in the filtrate
was determined, and the adsorbent after each adsorption process is washed
with diluted sulfuric acid (0.1 N), then with ethanol, and then using distilled
water for three times. After that, each regenerated adsorbent was left to dry
for one night before reusing. Then, the same technique of recovery is used

for each regenerated adsorbent in order to prove that the new synthesized
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cellulose based derivatives can be used for several times with small effect on

the percentage removal of pesticides in water.
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CHAPTER THREE

RESULTS AND DISCUSSION

3.1 Polymers Synthesis

Grafting of cellulose with 2-furan carbonyl group (Cel-F) and crosslinking
of cellulose polymer with the chemical reagent 2,6-pyridine dicarbonyl
dichloride (Cel-P) was carried in the solvent mixture DMAC/LICI, as
appeared in Figures 3.1 and 3.2. The reagents were chosen because of the
functional groups they have, such that; the existence of the aromatic
heterocyclic, the carbonyl group, chloride, and hydroxyl groups ,makes them
perfect adsorbents for removing pesticides from water. Such that; these
functional groups bind tetraconazole and difenoconazole through various
physical interactions including, Hydrogen bonding, dipole-dipole interaction

and nt-w stacking.
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Figure 3.1: Acylation of cellulose with 2-furan carbonyl chloride (Cel-F).
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Figure 3.2: Crosslinking of cellulose with 2,6-pyridine dicarbonyl dichloride (Cel-P).
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3.2 Polymers Characterization

3.2.1 Proton Nuclear Magnetic Resonance

'H NMR spectra was carried at the Research Center Juelich in Germany,
using a Bruker 600 MHz spectrometer, equipped with a 5 mm broadband
CryoProbe Prodigy. The acquisition parameters include: 90° pulse calibrated
at 12 us, 2 s relaxation time, 1.3 s acquisition time, 2048 scans, 300 K

temperature and no spinning.

The three nanopolymers, including cellulose nanocrystaline (CNC),
cellulose functionalized with 2-furan carbonyl chloride, cellulose
functionalized with 2,6-pyridine dicarbonyl dichloride, were all
characterized using proton Nuclear Magnetic Resonance analysis. The 'H

NMR of CNC is shown in Figure 3.3.

Cellulose solution in DMAc-d6/LiCl, was obtained by solvent exchanged as
shown in chapter two (section 2.5.1). The proton NMR spectrum shows
downfield peaks at value of 4.35 & that could be assigned to the proton H? at
the anomeric carbon [118]. The two multiple peaks at the values 3.92 6 and
3.85 & could be attributed to the two protons at C-6. The results are consistent
with the previous reported [119]. The four peaks that have been showed
between 3.1 6 and 3.60 6 are from the four protons at the carbons C2, C3, C4
and C5, the peak at 3.1 & is consistent with H2 chemical shift [118].
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Figure 3.3: H! NMR Spectra for Cellulose Nanocrystalline.

The proton NMR analysis for Cel-F nanopolymer is shown in Figure 3.4, the
spectrum detects the presence of three peaks in the range from 6.71 ppm to
8.12 ppm, which could be assigned to the protons for the aromatic furan, the

cellulose peaks appear between 2.7 ppm and 5.0 ppm.
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Figure 3.4: H! NMR Spectra of Cellulose modified with 2-furan carbonyl chloride.

H! NMR Spectra of Cellulose modified with 2,6-pyridine dicarbonyl
dichloride is shown in Figure 3.5. As shown in the spectra, the peaks in the
region between 2.0 — 5.49 ppm are due to cellulose backbones. As well as,
the peaks between 7.9 — 8.5 ppm could be corresponding to the aromatic

rings of pyridine in the synthesized nanopolymer.

Figure 3.5: H! NMR Spectra of cellulose modified with 2,6-pyridine dicarbonyl
dichloride.
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3.2.2 Scanning Electron Microscopy

To study the the adsorbents surface morphology, we used scanning electron
microscopy (SEM) at Research center Juelich in Germany. For this, the
adsorbents were fixed onto a double-sided C tape and mounted onto the
sample holder. All adsorbents were subjected to a sputter coating of a 10 nm-
thick gold film onto the sample for minimizing charging effects and hence
taking high magnification images. The nanopolymers have been placed into
the vacuum sample chamber and surface micrographs were detected using
Emission Scanning Electron Microscope instrument (JEOL 7400F Oxford

Instruments Inca, Tubney Woods, Abingdon, Oxon OX13 5QX, UK).

3.2.2.1 SEM of Olive Industry Solid Waste

SEM characterization for Olive Solid Waste (OSW) was performed, and
images at two different magnifications (5 um and 10 um) were collected.
The analysis pictures for OSW expose the existence of two morphology
structures, one of them is the spongy which is the main morphology that is
related to the olive pith, while the other one is related to the seeds which is
the hard part of OSW. This illustrates that the steps of pulping and bleaching
used for cellulose extraction in our work are a moderate version to those used
in the timber industry. In addition, we can notice that OSW has conductive

properties as shown in the white regions of its SEM analysis (Figure 3.6).



Figure 3.6: SEM Analysis of OSW at two different magnifications 3.6a) 10 pm,
3.6b) 5 um.

3.2.2.2 SEM of Cellulose Microcrystalline

(Figure 3.7) illustrates the Scanning Electron Microscope analysis (SEM) for
cellulose Microcrystalline that was extracted from olive solid waste. SEM
images of the extracted cellulose microcrystalline (MCC) were collected at
two different magnifications (5 um and 20 pm). As shown below, cellulose
microcrystalline (MCC) particles have a regular flat shape with semi porous

surface morphology.
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Figure 3.7: SEM Characterization of Cellulose Microcrystalline at two different
magnifications 3.7a) 20 um, 3.7b) 5 um.

3.2.2.3 SEM of NanoCellulose

Scanning Electron Microscope analysis (SEM) images for NanoCellulose at
the three different magnifications (1 pm, 10 pm and 100 um) are shown in
Figure 3.8. As shown below, Cellulose Nanocrystalline (CNC) particles have
high surface area to volume ratio, hence the surface morphology of CNC
suggests its high ability of adsorption and removal for different pollutants

from water.



Figure 3.8: Three magnifications SEM analysis morphology of Cellulose
Nanocrystalline at: 3.8a) 100 um, 3.8b) 10 um and 3.8c) 1 um.

3.2.2.4 SEM of Cellulose functionalized with 2-furan carbonyl chloride
(Cel-F)

SEM images of Cel-F at the three different magnifications (1 um, 10 um and
100 pm) are shown in Figure 3.9. As shown below, the morphology for this
adsorbent shows a relatively high surface-to-volume ratio; which enhance its
adsorption efficiency for pesticides removal from water, through the
adhesion and I1-IT interaction between this cellulose derivative and adsorbate

particles.
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Figure 3.9: Three magnifications SEM analysis morphology of Cellulose functionalized
with 2-furan carbonyl chloride at: 3.9a) 100 um, 3.9b) 10 um and 3.9¢) 1 pm.

3.2.2.5 SEM of Cellulose Functionalized with 2,6-pyridine dicarbonyl
dichloride (Cel-P)

SEM images for Cel-P at three different magnifications (1 pum, 10 um and
100 pm) are shown in Figure 3.10. As shown below, the surface morphology
for this cellulose derivative shows a high surface to volume ratio, hence

suggesting a good adsorption efficiency for pesticides removal through
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adhesion and TII-IT interaction between this adsorbent and the pesticide

particles.

NONE

Figure 3.10: Three magnifications SEM analysis morphology of Cellulose functionalized
with 2,6-pyridine dicarbonyl dichloride at: 3.10a) 100 um, 3.10b) 10 um and 3.10c) 1
pm.
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3.2.3 Fourier Transform Infrared spectroscopy (FT-IR)

3.23.1

As shown in the FT-IR spectra of CNC (Figure 3.11). The band at the wave
number 1160.35 cm™ corresponds to C-O-C stretching of B-glycosidic
linkage. The bands at 1378.36 and 1316.15 cm™ correspond to the C-O

stretchi

attributed to CH, asymmetric bending. The band at the wavenumber 2902.54
cm?® corresponds to the CH stretching vibration in CH, and CH

anhydroglucose units of cellulose nanocrystalline. The band at 3339.67 cm-

1 could

FT-IR Spectra of Cellulose Nanocrystalline

ng of ether and alcohol groups. The band at 1495.15 cm™ could be

be assigned to the hydrogen bonded hydroxyl group (OH) stretching

vibration.
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Figure 3.11: FT-IR Spectra for Cellulose Nanocrystalline.
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3.2.3.2 FT-IR of Cel-F and Cel-P

The prepared cellulose derivatives Cel-F and Cel-P were also characterized
by FT-IR. Cel-F as shown in Figure. 3.12. The FT-IR spectrum detects the
presence of a band at 1717.61 cm™ wavenumber that could be attributed to
the ester carbonyl, the low frequency of the carbonyl groups could be due to
the conjugation with heterocyclic double bond. The C=C double bond of the
aromatic furan ring showed a small peak at 1536 cm™* wavenumber. The band
at 1179.74 cm™ could be assigned to B-glycosidic linkage (C-O-C) of
cellulose. The FT-IR analysis spectrum of Cel-P nanopolymer showed
approximately similar peaks as Cel-F adsorbent, with slight shift in the

values of frequency.

10044
100.24

100.0

384007

364820
3442.93

123315
884.94

139545

929.07

% Transmittance

56337 54531

171761

| O, P 07
1 - Ox¢ o N

0 \0 omY

S o
\
o4

1179.74

OH I

9724 o o 0 0 -
H 0O 0 0 0 0 [}
i 0 0 e}
97.07
H 0 OH HO 0 OH HO
\ A\ 0

(=]
761.80
595.05

1299.13

HO OH o

] ) !

1071.32

1117.03

%01
4000 3500 3000 2600 2000 1500 1000 500

Wavenumbers (cm-1)

Figure 3.12: FT-IR Spectra for Cel-F and Cel-P nanopolymers.
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3.2.4 Thermal Gravimetric Analysis (TGA)

The mass of each sample is measured over time as a function of temperature,
in order to determine the thermal stability and hence knowing the
decomposition behavior for each compound as the temperature increases.
Since the higher temperature at which a material is thermally decomposed is

directly related to its thermal stability.

The TGA analysis was performed for CNC, Cel-F and Cel-P nanopolymers,
and results are represented in Figure 3.13. TGA graphs detect the loss of
weight with increasing temperature. The three nanopolymers showed good
stability at temperature over 200 °C, since the major mass loss appears at

about 250 °C.
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Figure 3.13: TGA analysis of the nanopolymers: (A) Cellulose Nanocrystalline, (B)
Cellulose functionalized with 2-furan carbonyl chloride and (C) Cellulose functionalized
with 2,6-pyridine dicarbonyl dichloride.
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3.3 Adsorption of Difenoconazole and Tetraconazole pesticides

One of the objectives of this work is using the newly synthesized cellulose-
based derivatives Cel-F and Cel-P, as well as, the underivatized cellulose
nanocrystalline, for removing difenoconazole and tetraconazole pesticides
from water and comparing the adsorption efficiency of different adsorbents.
This was done by investigating the adsorption capacities of these cellulose

based derivatives towards difenoconazole and tetraconazole.

All experiments were performed in plastic vials that were placed in a shaker
immersed in a water bath equipped with a shaker and a thermostat. The effect
of various solution variables on the nanopolymer efficiency, for instance; pH
value effect, initial concentration (C,), dosage of adsorbent, shaking time,
and temperature were all investigated. After each run, sample was collected
from the mixture using a 10.0 mL plastic syringe, filtered through a 0.45-pum
filter paper and subjected to analysis by a HPLC analysis at 220 nm and 229
nm wavelengths respectively; to determine residual concentration of
tetraconazole and difenoconazole respectively. All adsorption batch
experiments were performed in triplicate, and the average value of the three
runs was reported. The amount of each of tetraconazole and difenoconazole
adsorbed by CNC, Cel-F and Cel-P nanopolymers was determined according

to Eq. 3.1

% of Removal = C’;—CF * 100% (3.2)

I

Where;
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C,and Cr represent the initial and the final pesticide concentrations in water,

respectively with a unit of (mg/L) or (ppm).

Comparison of the differences in adsorption efficiency was done by
comparing the adsorption behavior using the same adsorbent with
difenoconazole or tetraconazole, or by using the same pesticide with
different adsorbents including Cellulose nanocrystalline (CNC), Cellulose
functionalized with 2-furan carbonyl chloride (Cel-F) or Cellulose

functionalized with 2,6-pyridine dicarbonyl dichloride (Cel-P).

3.3.1 Using the same Pesticide with Different Adsorbents

3.3.1.1 Adsorption of Difenoconazole

Changing in solution conditions will result in changing in the adsorption
efficiency. Here, the adsorption of Difenoconazole pesticide on
Nanocellulose, Cellulose functionalized with 2-furan carbonyl chloride (Cel-
F) or Cellulose functionalized with 2,6-pyridine dicarbonyl dichloride (Cel-
P) is measured. Such that, the adsorption dependence on the adsorbent nature

is detected.

3.3.1.1.1 Contact Time Effect

In order to choose the most appropriate shaking time between
difenoconazole and each adsorbent, the percent’s of difenoconazole removal

were detected versus the contact time, as appears in (Figure 3.14).
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Figure 3.14: Contact time effect for Difenoconazole removal by CNC, Cel-F and Cel-P,
(nanopolymer dosage = 10 mg, reaction mixture volume = 10 mL, initial concentration =
10 mg/L, pH =7, temperature = 20 °C).

(Figure 3.14) detects that the highest percentage of difenoconazole removal
was for cellulose functionalized with 2-furan carbonyl chloride after 20
minutes that represents the optimum or equilibrium contact time between the
pesticide and Cel-F, this percentage was 87.07%. While when Cellulose
functionalized with 2,6-pyridine dicarbonyl dichloride (Cel-P) is used for
difenoconazole pesticide adsorption, the percent of removal was 87.05% and
the equilibrium time was 60 minutes. In case of using Nanocellulose, the
optimum contact time was 20 minutes, with 84.97% as percentage removal.
For Nanocellulose, Cel-F and Cel-P; the remaining amount of the
difenoconazole pesticide at equilibrium becomes approximately steady. The
high percentages of difenoconazole removal are due the functional groups in
the synthesized adsorbents that result in strong chemical bonding between
the polymers and difenoconazole, as well as, making a cyclic cavity which

Is packed with the various binding sites, which makes an unique and perfect
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adsorbent with its ability in trapping difenoconazole through several
intermolecular forces, for instance; n-n stacking and Hydrogen bonding;
such that, the presence of many vacant sites on the adsorbent surface and the
strong intermolecular bonding that could occur between the two components
represented by H-bonding and n-m interaction. Such that, the adsorption
capacity increases as the shaking time of adsorbent and adsorbate interaction
increases, this enables difenoconazole to adsorb efficiently with the newly
synthesized adsorbents until reaching constant adsorption value at

equilibrium time (te).

After t., the adsorption capacity ge remains steady. The constant value of the
adsorption capacity (g:) may happened due to filling off most of the surface
sites of adsorbents by adsorbate which named by “fill-pores mechanism”,
the remaining adsorbate molecules may compete with the adsorbed
difenoconazole in the adsorbent sites, and cause a random movement of
molecules with the passage of time which lead to steady value of the amount

of adsorption capacity with increasing of contact time.

3.3.1.1.2 pH Effect

pH value effect on adsorption considers a vital parameter for controlling the
removal for pesticides from water. (Figure 3.15) detects pH effect for
difenoconazole uptake in each adsorption. These experiments were detected
at the equilibrium times for Nanocellulose, Cellulose functionalized with 2-

furan carbonyl chloride (Cel-F) or Cellulose functionalized with 2,6-pyridine
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dicarbonyl dichloride (Cel-P), with varying the pH of the mixture that ranges

from 2.0 to 10.0.
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Figure 3.15: pH Effect for Difenoconazole removal by CNC, Cel-F and Cel-P,
(nanopolymer dosage = 10 mg, reaction mixture volume = 10 mL, initial concentration =
10 mg/L, temperature = 20 °C).

The pH value considers a critical and vital element in adsorption process
because that pH value could control the surface charge of the adsorbent and
adsorbate. At pH lower than 3.0, all difenoconazole amines are is in the
ammonium form (-NRzH™). Because of this the adsorption efficiency was the
lowest (less than 40%). However, at pH values higher than 6.0, the amines
are in the basic form, each pair of electrons is available for binding, the
highest difenoconazole removal efficiency was observed at pH value in the
range 4.0 to 7.0. In the case of using cellulose modified with 2-furan carbonyl
chloride (Cel-F), the removal percentage is directly proportional with pH
until attain a maximum at pH value of 8, after that; it decays with further
increasing in the value of pH. Cel-F has the maximum percentage of

difenoconazole removal that was 88.70%, the percent for cellulose modified



65
with 2,6-pyridine dicarbonyl dichloride (Cel-P) was 88.10%, and for

cellulose nanocrystalline bio-adsorbent, the removal percent was 84.89%.

In addition, pH effect on adsorption efficiency of Nanocellulose and
Cellulose functionalized with 2,6-pyridine dicarbonyl dichloride (Cel-P)
increases with pH for the range from pH of 2 and until reaching a pH value
of 7 (for Cel-F) and pH 6 (for Cel-P), then; the percent of difenoconazole
removal decreases as pH increases. Low uptake capacity occurs at lower pH,
this is probably due to protonation of alcohol oxygen atoms of the adsorbent.
The binding of pesticide on each adsorbent is properly controlled by H-bond
interaction between hydrogen bonding donor group and O-donor group, here
H-bonding between OH group in cellulose derivatives and carbonyl group (-
C=0) in difenoconazole may be likely dominated. Difenoconazole pesticide
has low solubility in water (15 mg/L), the results demonstrated that
difenoconazole adsorption decreased as pH increased, suggesting that the
negative surface of adsorbent and the anionic difenoconazole may generate

an electrostatic repulsion.

The increase in pesticide removal at the medium pH values for the three
adsorbents can be explained by increasing dipole-dipole interaction between
difenoconazole and the new synthesized cellulose derivatives comparing

with too low (pH = 2) or too high (pH =10).

3.3.1.1.3 Pesticide Concentration Effect

The initial concentration of difenoconazole will effect on the value of

percentage removal. Percent’s of pesticide removal using the three prepared
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adsorbents are investigated at the optimum values of shaking time and pH
for each adsorption process. Difenoconazole maximum percentage removal
was 88.90% for Cellulose modified with 2-furan carbonyl chloride (Cel-F)
by using a concentration of 10 ppm from Difenoconazole solution. However,
the detected initial difenoconazole concentrations on Nanocellulose and
Cellulose functionalized with 2,6-pyridine dicarbonyl dichloride (Cel-P)
compounds are 12.0 ppm and 8.0 ppm respectively, in which the pesticide
percentage removal was 87.70% for Nanocellulose, and 88.31% for
Cellulose functionalized with 2,6-pyridine dicarbonyl dichloride (Cel-P)
(Figure 3.16).

As the initial concentration of pesticide increases, the mass transfer driving
force will facilitate difenoconazole diffusion from the bulk solution to
cellulose derivatives surfaces, and this will enhance the equilibrium

adsorption capacity.
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Figure 3.16: Pesticide concentration effect for Difenoconazole removal by CNC, Cel-F
and Cel-P, (nanopolymer dosage = 10 mg, reaction mixture volume = 10 mL, temperature
=20 °C).
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3.3.1.1.4 Temperature Effect

To investigate the temperature effect for Difenoconazole adsorption on
Nanocellulose, Cellulose functionalized with 2-furan carbonyl chloride (Cel-
F) or Cellulose functionalized with 2,6-pyridine dicarbonyl dichloride (Cel-
P). All optimum values of pH, time and pesticide concentration values were
taken into account. Generally, difenoconazole adsorption efficiency

decreases at high values of temperature.
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Figure 3.17: Temperature effect for Difenoconazole removal by CNC, Cel-F and Cel-P,
(nanopolymer dosage = 10 mg, reaction mixture volume = 10 mL pesticide concentration
=12, 10, 8 ppm for CNC, Cel-F and Cel-P respectively).

(Figure 3.17) detects adsorption of Difenoconazole pesticide on the three
synthesized adsorbents including Nanocellulose, Cellulose functionalized
with 2-furan carbonyl chloride (Cel-F) or Cellulose functionalized with 2,6-
pyridine dicarbonyl dichloride (Cel-P) has been found to increase with
increasing in temperature until reaching the optimum removal percent at 15

°C, 30 °C and 20 °C respectively. Then, difenoconazole percentage removal
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decays with further heating, the percentages of removing at each optimum
temperature was 91.65% of Nanocellulose, 90.70% for Cellulose
functionalized with 2-furan carbonyl chloride (Cel-F) and 88.49% for
Cellulose functionalized with 2,6-pyridine dicarbonyl dichloride (Cel-P). At
these optimum temperatures of the solution, the interaction ability between
difenoconazole and the synthesized compounds was enhanced, and this
resulted in increasing the adsorption efficiency. While, at high temperature
values, the adsorption capacity between the adsorbate and the adsorbent was

low.

Increasing the temperature above room temperature has slight influence on
the adsorption capacity of the new modified adsorbent surface. During the
temperature range from 10°C to 30 °C, increasing of the amount of the
pesticide adsorbed with increasing in temperature (between 10 °C and 30 °C)
may result from increasing in the diffusion rate of difenoconazole molecules
neighboring the external surface and internal pores of the adsorbent. Increase
in temperature may have also been responsible for increase in porosity and
total pore volume of the adsorbent. As well as, the chemical structure and
the functional groups in each adsorbent make them perfect for removing

difenoconazole pesticide at the optimum temperature values.

3.3.1.1.5 Adsorbent Dose Effect

The adsorptions experimental results for Difenoconazole removal using
Nanocellulose, Cellulose functionalized with 2-furan carbonyl chloride (Cel-

F) or Cellulose functionalized with 2,6-pyridine dicarbonyl dichloride (Cel-
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P) are appeared in (Figure 3.18). The adsorbent dose was ranged from 1.0
mg to 20.0 mg, and all optimum conditions of time, pH, adsorbate

concentration and temperature were applied for each experiment.
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Figure 3.18: Adsorbent dose effect for Difenoconazole removal by CNC, Cel-F and
Cel-P, (reaction volume solution = 10 mL).

The highest percent of Difenoconazole removal was 96.63% using 20.0 mg
of Cellulose functionalized with 2-furan carbonyl chloride (Cel-F). Such
that, the mass of this new synthesized adsorbent is directly proportional with
the Difenoconazole percentage removal. Also, the same relation between
percent of pesticide removal and the adsorbent mass between dosage (1.0 to
15.0 mg) was also observed for Cellulose functionalized with 2,6-pyridine
dicarbonyl dichloride (Cel-P) with 15 mg of adsorbent and 94.65% as
percentage of difenoconazole removal. However, Nanocellulose gave a
different adsorbent dose effect in which the maximum percent that was
detected of Difenoconazole removal was 93.08% with only 5.0 mg dose that
can be explained by the promising porosity and the high surface area to

volume ratio for Cellulose nanocrystalline
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The results indicated that, the adsorption process on the synthesized
nanopolymers could be taking place through diffusion process and surface
coordination mechanisms. An increasing in the nanopolymer dosage was
resulted in an increase in the number of available adsorption sites, as a results
of the rare of difenoconazole adsorption increased. When all the adsorption
sites on the adsorbent get occupied, then, diffusion process will begin to
occur, which can be controlled by osmosis, so as the concentration of the
adsorbate in the nanopolymer body is equal to that in the solution, the

adsorption reaches the plateau.

The rapidly increasing in pesticides percentage removal with increasing in
adsorbent mass for Cellulose functionalized with 2-furan carbonyl chloride
(Cel-F) or Cellulose functionalized with 2,6-pyridine dicarbonyl dichloride
(Cel-P), is because of the presence of greater availability of exchangeable
sites on the adsorbent surface area, as well as increasing Hydrogen Bonding
with increasing adsorbent mass. However, when Nanocellulose was used, it
has been detected that just only (5.0 mg) of this adsorbent resulting in high
ability for removing difenoconazole from water, because of the functional
groups (hydroxyl groups) in its chemical structure and its unique porosity

which make it perfect adsorbent.
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Table 3.1: The results for Difenoconazole removal by Cellulose
Nanocrystalline, Cellulose functionalized with 2-furan carbonyl
chloride (Cel-F) or Cellulose functionalized with 2,6-pyridine
dicarbonyl dichloride (Cel-P).

Adsorption of Difenoconazole
Optimum Condition and

% of Difenoconazole CNC Cel-F Cel-P
Removal
Contact Time (minute) 20 20 60
% of Removal 84.97% 87.07% 87.05%
pH value 7 8 6
% of Removal 84.89% 88.70% 88.10%
Concentra'tai\grs1(()|cr1t|c)>€;1;()a 12 10 8
% of R | 87.70% 88.90% 88.31%
o of Remova
Temperature (°C) 15 30 20
% of Removal 91.65% 90.70% 88.49%
Adsorbent Dose (mg) 5 20 15
% of Removal 93.08% 96.63% 94.65%

3.3.1.2 Adsorption of Tetraconazole

Solution conditions effects for Tetraconazole pesticide adsorption on
Nanocellulose, Cellulose functionalized with 2-furan carbonyl chloride (Cel-
F) or Cellulose functionalized with 2,6-pyridine dicarbonyl dichloride (Cel-

P) are investigated.

3.3.1.2.1 Contact Time Effect

For determining the optimum time of each adsorption process between
tetraconazole adsorbate and each of the used adsorbents, percent’s of
removal for this pesticide were calculated at different values of shaking time

ranging from 1 minute to 2.0 hours, as appears in (Figure 3.19).
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Figure 3.19: Contact time Effect for Tetraconazole removal by CNC, Cel-F and Cel-P,
(nanopolymer dosage = 10 mg, reaction mixture volume = 10 mL, initial concentration =
10 mg/L, pH =7, temperature = 20 °C).

This Figure clarifies that Tetraconazole adsorption was at maximum value
for Cellulose functionalized with 2,6-pyridine dicarbonyl dichloride (Cel-P)
after 20 minutes of shaking, this time represents the optimum contact time
between Tetraconazole and Cel-P, this percentage was 77.75%. However,
when Cellulose functionalized with 2-furan carbonyl chloride (Cel-F) is used
for tetraconazole adsorption, the percent of removal was 75.47%, with
optimum time of 15 minutes. In case of using Nanocellulose, the optimum
contact time was 30 minutes with 70.12% as percentage removal. For
Nanocellulose, Cel-F and Cel-P; the adsorbed amount of tetraconazole
pesticide at the equilibrium time remains approximately without changing.
These large removal percentages of pesticide are due the high percentages of
tetraconazole removal are due to the unique chemical structure of the
adsorbents, as well as, making a cyclic cavity which is packed with the

various binding sites, which makes an unique and perfect adsorbent with its
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ability in trapping the adsorbate tetraconazole through several intermolecular
bonding forces, for instance; n-m stacking and H-bonding, such that the
presence of high availability of empty sites on the adsorbent surface and the
strong intermolecular bonding that occur between the two components
represented by =m-m interaction and H-bonding forces. Such that, the
adsorption capacity increases as the shaking time of the adsorbent and
adsorbate interaction increases, this enables Tetraconazole to interact
efficiently with the newly synthesized adsorbents after reaching equilibrium

time (te).

After t., the adsorption capacity ge remains steady. The constant value of the
adsorption capacity (q;) may occur because of filling of most of the surface
sites of adsorbents by adsorbate that named by “fill-pores mechanism”, the
remaining adsorbate molecules may compete with the adsorbed
Tetraconazole in the adsorbent sites and cause a random movement of
molecules with the passage of time, which leading into a steady value of the

amount of adsorption capacity with increasing of contact time.

3.3.1.2.2 pH Effect

(Figure 3.20) clarifies the pH value effect for tetraconazole uptake on each
adsorbent. These experiments were done at the optimum time of adsorption
for Nanocellulose, Cellulose functionalized with 2-furan carbonyl chloride
(Cel-F) or Cellulose functionalized with 2,6-pyridine dicarbonyl dichloride

(Cel-P) with changing the pH of solution that ranges from 2.0 to 10.0.
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Figure 3.20: pH Effect for Tetraconazole removal by CNC, Cel-F and Cel-P,
(nanopolymer dosage = 10 mg, reaction mixture volume =10 mL, initial concentration =
10 mg/L, temperature = 20 °C).

The pH value is a critical and vital factor in controlling the adsorption
process, such that, pH value could control the surface charge of the
nanopolymer adsorbent and tetraconazole pesticide. At pH lower than 3.0,
all tetraconazole amines are is in the ammonium form (-NR3zH"). Because of
this, the adsorption efficiency was very low (less than 40%). However, at pH
values higher than 6.0, the amines are all in the basic form, in which each
pair of electrons available for binding. The highest tetraconazole removal
efficiency was observed at pH value in the range 4.0 to 7.0. In the case of
using Cellulose modified with 2-furan carbonyl chloride (Cel-F), % removal
of adsorption increases from a range of pH from 2.0 to 4.0, and thereafter,
the removing percent decreases with higher values of pH values. From the
graph, it appears that (Cel-F) has the maximum removing percent of

Tetraconazole that is 81.51%. However, Cellulose modified with 2,6-
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pyridine dicarbonyl dichloride (Cel-P) has percentage removal equals

81.00% and for Nanocellulose Bio-adsorbent, it equals 78.97%.

Additionally, it was detected that the influence of pH value on the percent of
Tetraconazole removal for Nanocellulose and Cellulose functionalized with
2,6-pyridine dicarbonyl dichloride (Cel-P) increases for the pH range from
2.0 and until reaching a maximum percent at pH 4.0 (for Nanocellulose) and
pH 6.0 ( for Cel-P), and thereafter, the percent of tetraconazole removal

decreases with higher pH values.

Low uptake capacity occurs at lower pH, this is probably due to protonation
of alcohol oxygen atoms on the adsorbent. The binding of pesticide on each
adsorbent is properly controlled by H-bond interaction between hydrogen
bonding donor group and O-donor group, here H-bonding between OH
group in cellulose derivatives in and carbonyl group (-C=0) in
Tetraconazole may be likely dominated. The results demonstrated that
Tetraconazole adsorption decreased as pH increased, suggesting that the
negative surface of adsorbent and the anionic Tetraconazole may generate

an electrostatic repulsion.

The increase in pesticide removal at the medium pH values for the three
adsorbents can be explained by increasing dipole-dipole interaction between
tetraconazole pesticide and the new synthesized cellulose derivatives

comparing with too low (pH = 2) or too high (pH =10).
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3.3.1.2.3 Pesticide Concentration Effect

Tetraconazole initial concentration effect on the percentage removal using
cellulose nanocrystalline, Cel-F and Cel-P is detected at the previous
optimum conditions, including optimum shaking time and pH for each
adsorption process. The maximum percent for Tetraconazole removal was
92.93% for Cellulose modified with 2,6-pyridine dicarbonyl dichloride (Cel-
P) by using 6.0 ppm concentration of Tetraconazole. However, the observed
concentrations for having the highest percent of Tetraconazole removal on
Nanocellulose and Cellulose modified with 2-furan carbonyl chloride (Cel-
F) compounds, are 4.0 ppm with removal percent equals 91.63% for
Nanocellulose, and 8.0 ppm with 90.09% percentage removal for Cellulose

modified with 2-furan carbonyl chloride, as appears in (Figure 3.21).

As the initial concentration of pesticide increases, the mass transfer driving
force will facilitate Tetraconazole diffusion from the bulk solution to
cellulose derivatives surfaces, and this will enhance the equilibrium

adsorption capacity.
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Figure 3.21: Pesticide concentration Effect for Tetraconazole removal by CNC, Cel-F
and Cel-P, (nanopolymer dosage = 10 mg, reaction mixture volume = 10 mL, temperature
=20 °C).

3.3.1.2.4 Temperature Effect

In order to find out the effect of temperature for the adsorption of
Tetraconazole on Nanocellulose, Cellulose functionalized with 2-furan
carbonyl chloride (Cel-F) or Cellulose functionalized with 2,6-pyridine
dicarbonyl dichloride (Cel-P). The best solution conditions, including
contact time, pH and pesticide concentration values must be taken into
account. In general, percent’s of Tetraconazole removal drop with high

temperatures.
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Figure 3.22: Temperature Effect for Tetraconazole removal by CNC, Cel-F and Cel-P,
(nanopolymer dosage = 10 mg, reaction mixture volume = 10 mL, pesticide concentration
=4, 8, 6 ppm for CNC, Cel-F and Cel-P respectively).

(Figure 3.22) shows that the adsorption of Tetraconazole pesticide on the
three adsorbents, including Nanocellulose, Cellulose functionalized with 2-
furan carbonyl chloride (Cel-F) or Cellulose functionalized with 2,6-pyridine
dicarbonyl dichloride (Cel-P) has been found to increase with increasing in
temperature until reaching a maximum amount at 20 °C, 20 °C and 25 °C
respectively, and thereafter more heating resulted in decreasing the
percentage of Tetraconazole removal. Pesticide percentages removal at the
optimum temperature value were 91.63% for Nanocellulose, 90.09% for
(Cel-F) and 92.98% for (Cel-P). These temperatures of the solution enhanced
the interaction ability between Tetraconazole and each of synthesized
compounds and hence increasing the efficiency of the adsorption process.
While, at high temperature values, the adsorption capacity between the
pesticide and the adsorbent was low. During the temperature range from

10°C to 25 °C, increasing of the amount of pesticide adsorbed with
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increasing in temperature may resulted from the increasing in the rate of
diffusion of tetraconazole molecules neighboring the external surface and
internal pores of the adsorbent. Increase in temperature may also have be
responsible for increasing in porosity and the total pore volume of the
adsorbent. Additionally, the unique chemical structure and the suitable
functional groups in each adsorbent make them perfect for removing

tetraconazole at the optimum temperatures.

3.3.1.2.5 Adsorbent Dose Effect

The experimental results for Tetraconazole adsorption on Nanocellulose,
Cellulose functionalized with 2-furan carbonyl chloride (Cel-F) or Cellulose
functionalized with 2,6-pyridine dicarbonyl dichloride (Cel-P) are appeared
in (Figure 3.23) with adsorbent dose ranging from 1.0 mg to 20.0 mg, at the
most favorable conditions of shaking time, pH value, pesticide concentration

and temperature.
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Figure 3.23: Adsorbent dose Effect for Tetraconazole removal by CNC, Cel-F and Cel-

P, (reaction mixture volume = 10 mL).
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Tetraconazole maximum adsorption was 98.73% using 20.0 mg of Cellulose
functionalized with 2-furan carbonyl chloride (Cel-F). Such that, this new
synthesized adsorbent appears increasing in the percentage removal with
increasing the mass of Cel-F. In addition, the same relation between
percentage removal and adsorbent mass between dosage (1.0 to 15.0 mg) is
observed for Cellulose modified with 2,6-pyridine dicarbonyl dichloride
(Cel-P) with 15.0 mg of adsorbent dose and 94.51% as percentage removal.
Tetraconazole maximum percentage removal in case of using Nanocellulose
Adsorbent was 91.73% with 10.0 mg adsorbent dose, which can be explained
by vacant sites availability and the unsaturation of adsorption sites. The
results indicate that, the adsorption process could be controlled through the
diffusion process and surface coordination mechanisms. An increasing in the
nanopolymer dosage resulted in an increase in the number of the available
adsorption sites on the adsorbent. When all adsorption sites on the
nanopolymers get occupied, then the diffusion process begins to occur,
which is controlled by osmosis, so as the concentration of the adsorbate in
the polymer body is equal to that in the solution, the adsorption reaches the

plateau.

The rapidly increased percentage removal of Tetraconazole with increasing
the dose for (Cel-F) or (Cel-P), is due to the high availability of the
exchangeable sites on the adsorbent surface area and increasing H-Bonding

with increasing adsorbent mass.



81
Table 3.2: The results for Tetraconazole removal by Cellulose
Nanocrystalline, Cellulose Functionalized with 2-furan carbonyl
chloride (Cel-F) or Cellulose Functionalized with 2,6-pyridine
dicarbonyl dichloride (Cel-P).

Adsorption of Tetraconazole
Optimum Condition and
% of Tetraconazole CNC Cel-F Cel-P
Removal
Contact Time (minute) 30 15 20
% of Removal 70.12% 75.47% 77.75%
pH value 4 4 6
% of Removal 78.97% 81.51% 81.00%
Adsorbate
Concentration(ppm) 4 8 0
% of R I 91.63% | 90.09% | 92.93%
o of Remova
Temperature (°C) 20 20 25
% of Removal 91.63% | 90.09% | 92.98%
Adsorbent Dose (mg) 10 20 15
% of Removal 91.73% 98.51% 94.88%

3.3.2 Using The Same Adsorbent with Different Pesticides

3.3.2.1 Adsorption by Cellulose Nanocrystalline

Solution conditions Effects for the same adsorbent and different pesticides
are measured for the adsorption on Cellulose Nanocrystalline for the removal
of Difenoconazole and Tetraconazole pesticides, as shown in the following

Figures from (Figures 3.24) to (Figure 3.28).
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3.3.2.1.1 Contact Time Effect
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Figure 3.24: Contact time Effect for Difenoconazole and Tetraconazole removal by
Cellulose Nanocrystalline, (nanopolymer dosage = 10 mg, reaction mixture volume = 10
mL, initial concentration = 10 mg/L, pH = 7, temperature = 20 °C).

3.3.2.1.2 pH Effect
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Figure 3.25: pH Effect for Difenoconazole and Tetraconazole removal by Cellulose
Nanocrystalline, (nanopolymer dosage = 10 mg, reaction mixture volume = 10 mL, initial

concentration =10 mg/L, temperature = 20 °C).



83

3.3.2.1.3 Pesticide Concentration Effect
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Figure 3.26: Pesticide concentration Effect for Difenoconazole and Tetraconazole
removal by Cellulose Nanocrystalline, (nanopolymer dosage = 10 mg, reaction mixture

volume = 10 mL, temperature = 20 °C).

3.3.2.1.4 Temperature Effect
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Figure 3.27: Temperature Effect for Difenoconazole and Tetraconazole removal by
Cellulose Nanocrystalline, (nanopolymer dosage = 10 mg, reaction mixture volume = 10
mL).
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3.3.2.1.5 Adsorbent Dose Effect
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Figure 3.28: Adsorbent dose Effect for Difenoconazole and Tetraconazole removal by
Cellulose Nanocrystalline, (reaction mixture volume = 10 mL).

Table 3.3: The adsorption results for Difenoconazole and Tetraconazole
removal from water using Cellulose Nanocrystalline.

Adsorption on Cellulose Nanocrystalline
Optimum Condition and % of i

Difenoconazole | Tetraconazole
Removal
Contact Time (minute) 20 30
% of Removal 84.97% 70.12%
pH value 7 4
% of Removal 84.89% 78.97%
Adsorbate Concentration(ppm) 12 4
% of Removal 87.70% 91.63%
Temperature (°C) 15 20
% of Removal 91.65% 91.63%
Adsorbent Dose (mg) 5 10
% of Removal 93.08% 91.73%
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3.3.1.2 Adsorption by Cellulose Functionalized with 2-furan carbonyl

chloride

The effect of solution conditions for the adsorption on Cellulose
functionalized with 2-furan carbonyl chloride for the removal of
Difenoconazole and Tetraconazole pesticides was determined, as shown in

the following Figures from (Figures 3.29) to (Figure 3.33).

3.3.2.2.1 Contact Time Effect
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Figure 3.29: Contact time Effect for Difenoconazole and Tetraconazole removal by
Cellulose functionalized with 2-furan carbonyl chloride, (nanopolymer dosage = 10 mg,
reaction mixture volume = 10 mL, initial concentration = 10 mg/L, pH = 7, temperature
=20 °C).
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3.3.2.2.2 pH Effect
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Figure 3.30: pH Effect for Difenoconazole and Tetraconazole removal by Cellulose
functionalized with 2-furan carbonyl chloride, (nanopolymer dosage = 10 mg, reaction
mixture volume = 10 mL, initial concentration = 10 mg/L, temperature = 20 °C).

3.3.2.2.3 Pesticide Concentration Effect
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Figure 3.31: Pesticide concentration Effect for Difenoconazole and Tetraconazole
removal by Cellulose functionalized with 2-furan carbonyl chloride, (nanopolymer
dosage = 10 mg, reaction mixture volume = 10 mL, temperature = 20 °C).
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3.3.2.2.4 Temperature Effect
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Figure 3.32: Temperature Effect for Difenoconazole and Tetraconazole removal by
Cellulose functionalized with 2-furan carbonyl chloride, (nanopolymer dosage = 10 mg,
reaction mixture volume = 10 mL).

3.3.2.2.5 Adsorbent Dose Effect
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Figure 3.33: Adsorbent dose Effect for Difenoconazole and Tetraconazole removal by
Cellulose functionalized with 2-furan carbonyl chloride, (reaction mixture volume = 10
mL).
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Table 3.4: The adsorption results for Difenoconazole and Tetraconazole
removal from water using Cellulose Functionalized with 2-furan
carbonyl chloride.

Adsorption on Cellulose Modified with 2-furan carbonyl chloride
gsrtri]r:\tjg Condition and % of Difenoconazole | Tetraconazole
Contact Time (minute) 20 15

% of Removal 87.07% 75.47%
pH value 8 4

% of Removal 88.70% 81.51%
Adsorbate Concentration(ppm) 10 8

% of Removal 88.90% 90.09%
Temperature (°C) 30 20
% of Removal 90.70% 90.09%
Adsorbent Dose (mg) 20 20
% of Removal 96.63% 98.51%

3.3.2.3 Adsorption by Cellulose Functionalized with 2,6-Pyridine
dicarbonyl dichloride

Solution conditions effects are investigated for the adsorption process on
Cellulose functionalized with 2,6-pyridine dicarbonyl dichloride that was
used for the removal of Difenoconazole and Tetraconazole pesticides, as

shown in the following Figures from (Figures 3.34) to (Figure 3.38).



89

3.3.2.3.1 Contact Time Effect
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Figure 3.34: Contact time Effect for Difenoconazole and Tetraconazole removal by
Cellulose functionalized with 2,6-pyridine dicarbonyl dichloride, (nanopolymer dosage =
10 mg, reaction mixture volume = 10 mL, initial concentration = 10 mg/L, pH = 7,

temperature = 20 °C).

3.3.2.3.2 pH Effect
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Figure 3.35: pH Effect for Difenoconazole and Tetraconazole removal by Cellulose
functionalized with 2,6-pyridine dicarbonyl dichloride, (nanopolymer dosage = 10 mg,
reaction mixture volume = 10 mL, initial concentration = 10 mg/L, temperature = 20 °C).
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3.3.2.3.3 Pesticide Concentration Effect
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Figure 3.36: Pesticide concentration Effect for Difenoconazole and Tetraconazole
removal by Cellulose functionalized with 2,6-pyridine dicarbonyl dichloride,

(nanopolymer dosage = 10 mg, reaction mixture volume = 10 mL, temperature = 20 °C).

3.3.2.3.4 Temperature Effect
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Figure 3.37: Temperature Effect for Difenoconazole and Tetraconazole removal by
Cellulose functionalized with 2,6-pyridine dicarbonyl dichloride, (nanopolymer dosage =

10 mg, reaction mixture volume =10 mL).



3.3.2.3.5 Adsorbent Dose Effect

91

100%

90%

80%

70%

60%

% of Removal

50% |-

40%

30%

0 5

10

15 20

Adsorbent Dose (mg)

Difenocon
azole

Figure 3.38: Adsorbent dose Effect for Difenoconazole and Tetraconazole removal by
Cellulose functionalized with 2,6-pyridine dicarbonyl dichloride, (reaction mixture

volume =10 mL).

Table 3.5: The adsorption results for Difenoconazole and Tetraconazole
removal from water using Cellulose Functionalized with 2,6-pyridine

dicarbonyl dichloride.

dichloride

Adsorption on Cellulose Modified with 2,6-pyridine dicarbonyl

Optimum Condition and % of
Removal

Difenoconazole

Tetraconazole

Contact Time (minute) 60 20
% of Removal 87.05% 77.75%
pH value 6 6
% of Removal 88.10% 81.00%
Adsorbate Concentration(ppm) 8 6
% of Removal 88.31% 92.93%
Temperature (°C) 20 25
% of Removal 88.49% 92.98%
Adsorbent Dose (mg) 15 15
% of Removal 94.65% 94.88%
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Table 3.6: Comparison for Difenoconazole or Tetraconazole pesticide
removal by Cellulose Nanocrystalline, Cellulose functionalized with 2-
furan carbonyl chloride (Cel-F) or Cellulose functionalized with 2,6-
pyridine dicarbonyl dichloride (Cel-P).

Using the same adsorbate with different adsorbents
Adsorption order for Difenoconazole | Cel-F > Cel-P > CNC
Adsorption order for Tetraconazole | Cel-F > Cel-P > CNC
Using the same adsorbent with different adsorbates
Adsorption order for CNC | Difenoconazole > Tetraconazole
Adsorption order for Cel-F | Tetraconazole > Difenoconazole
Adsorption order for Cel-P | Tetraconazole > Difenoconazole

3.4 Investigation of Adsorption Parameters

The adsorption efficiency was investigated for the removal of
Difenoconazole or Tetraconazole pesticides on Cellulose nanocrystalline,
Cellulose functionalized with 2-furan carbonyl chloride (Cel-F) or Cellulose

functionalized with 2,6-pyridine dicarbonyl dichloride (Cel-P).

The optimum adsorption isotherm model was detected by studying Langmuir
and Freundlich models. In addition, adsorption kinetics are also investigated
using pseudo-first-order-kinetic, pseudo-second-order-kinetic and intra-
particle-diffusion-adsorption-kinetic models. Moreover, for thermodynamic
adsorption parameters, Van’t Hoff plot was detected, and hence the enthalpy
change, change in Gibbs free energy, and entropy change are calculated from
the slope and y-intercept of the graph. These values will give information to
determine if each adsorption is spontaneous or not, and if it is endothermic
or exothermic one. This will also give a direct indication on how much each

adsorption is a favorable or unfavorable process at the studied conditions.
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3.4.1 Difenoconazole Adsorption by Cellulose Nanocrystalline

3.4.1.1 Adsorption Isotherms

An investigation of the best adsorption isotherm for Difenoconazole
pesticide on Cellulose nanocrystalline is determined according to the graphs

for Freundlich and Langmuir isotherms. Adsorption isotherm parameters

were calculated by plotting equation (1.1) that represents graph of C./q, on
y-axis versus C, on x-axis for Langmuir adsorption isotherm, and equation
(1.3) that represents plotting logqg, on y-axis versus logC, on x-axis for
Freundlich adsorption isotherm, as appears in (Figure 3.39) and (Figure

3.40) respectively.

3.4.1.1.1 Langmuir Adsorption Isotherm
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Figure 3.39: The plot of Langmuir Isotherm study for Difenoconazole removal by
Cellulose Nanocrystalline, (pH = 7, temperature = 20 °C, adsorption time = 20 minute,

nanopolymer dosage = 10 mg, reaction mixture volume = 10 mL).
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3.4.1.1.2 Freundlich Adsorption Isotherm

1.2
1
3508 \
=14
E o6
e y =-0.3732x + 0.9942
®oa R? = 0.9278
0.2
0
0 0.2 0.4 0.6 0.8
log C. (mg/L)

Figure 3.40: The plot of Freundlich Isotherm study for Difenoconazole removal by
Cellulose Nanocrystalline, (pH = 7, temperature = 20 °C, adsorption time = 20 minute,
nanopolymer dosage = 10 mg, reaction mixture volume = 10 mL).

The essential features of the Langmuir isotherm can be expressed in terms
of a dimensionless constant separation factor R, which is given by the

following equation :

Ri= — (3.2)

o 1+ beo

Value of Ry indicates that the adsorption isotherm to be unfavorable if (RL >
1), Linear if ( R = 1), favorable if (0 < RL < 1), or irreversible if (RL= 0)
[120].

As shown from the previous figures, R? value using Langmuir adsorption
isotherm equals 0.9705, while for Freundlich isotherm, R? is 0.9278. As well
as, R. in Langmuir adsorption is 0.0731 that suggests that this adsorption is
favorable according to Langmuir model. As a result of R and R, values, we

detect that the adsorption of Difenoconazole on Cellulose nanocrystalline
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follows the Langmuir equation, and it represents chemical adsorption. These
results are indicating into a strong evidence for the presence of real chemical

bonds between difenoconazole and Cellulose nanocrystalline adsorbent.

The following table represents parameters of Freundlich and Langmuir
isotherm adsorptions for Difenoconazole adsorption on Cellulose

nanocrystalline.

Table 3.7: Freundlich and Langmuir Isotherm Parameters for
Difenoconazole removal by Cellulose Nanocrystalline Adsorbent.

Adsorption of Difenoconazole on Cellulose nanocrystalline
Equilibrium Isotherm Models

Langmuir Isotherm Freundlich Isotherm
Qo(mg/g) | b (L/mg) | Ry Ke(mg/g) |n(g/L) | 1/n(L/g)
4.502 1.268 0.0731 |9.867 -2.679 -0.373

3.4.1.2 Kinetics of Adsorption

In order to detect the adsorption mechanism, the experimental kinetic data
for Difenoconazole adsorption on Cellulose nanocrystalline are fitted with
intra-particle diffusion, pseudo-first-order and pseudo-second-order kinetic

models

The kinetics parameters of adsorption and correlation coefficients have been
calculated from the linear plots of equation (1.4) that represent plotting of

log(q. - g;) versus time for pseudo-first-order-model, equation (1.5) that
represents a graph of (t/qy) versus time for pseudo-second-order-model, and
equation (1.6) by plotting g versus t° for intra-particle-diffusion-kinetic-

model, as appearing in (Figure 3.41-Figure 3.43).
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3.4.1.2.1 Pseudo-First-Order-Kinetics
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Figure 3.41: The plot of Pseudo-first-order-kinetic study for Difenoconazole removal
by Cellulose Nanocrystalline, (nanopolymer dosage = 10 mg, initial concentration = 10
mg/L, reaction mixture volume = 10 mL, temperature = 20 °C, pH = 7).

3.4.1.2.2 Pseudo-Second-Order-Kinetics
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Figure 3.42: The plot of pseudo-second-order-kinetic study for Difenoconazole removal
by Cellulose Nanocrystalline, (nanopolymer dosage = 10 mg, initial concentration = 10
mg/L, reaction mixture volume = 10 mL, temperature = 20 °C, pH = 7).
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3.4.1.2.3 Intra-Particle-Diffusion-Kinetics
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Figure 3.43: The plot of Intra-Particle-Diffusion-kinetic study for Difenoconazole removal
by Cellulose Nanocrystalline, (nanopolymer dosage = 10 mg, initial concentration = 10 mg/L,
reaction mixture volume = 10 mL, temperature = 20 °C, pH = 7).

By looking to the R? values using the studied kinetic models. The correlation
coefficient for pseudo-second-order model was very close to one (R? =
0.999) comparing with pseudo-first-order (R? = 0.5342) and intra-particle
diffusion (R? = 0.6368) models. As well as, the comparison between g
values that are calculated according to pseudo-first-order and pseudo-
second-order adsorption kinetic models, value of g. via pseudo second-order
kinetic model (that equals 8.826 mg/qg) is very close to g experimental (8.524
mg/g), in contrast of the calculated pseudo-first-order g. (2.609 mg/qg) that is
not close to the experimental one. These results showed that the adsorption
of Difenoconazole on Cellulose nanocrystalline is fitted with pseudo-

second-order adsorption kinetic mechanism.
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The following table detects kinetic parameters of pseudo-first-order, pseudo-
second-order and intra-particle diffusion models for Difenoconazole

adsorption on Cellulose nanocrystalline.

Table 3.8: The parameters for pseudo-first-order-kinetic, pseudo-
second-order-kinetic and intra-particle-diffusion-kinetic models for
Difenoconazole removal by Cellulose Nanocrystalline.

Adsorption of Difenoconazole on Cellulose nanocrystalline
Adsorption Kinetic Models

Pseudo First-Order|  Qexp|Pseudo Second-|Intra-Particle Diffusion
Kinetics| (mg/g)| Order Kinetics Kinetics

K1 KZ
Qe 1 pin- Qe ) C Kp
my/g) MM 8 524(mgre) | 49 (o) (mg.gtmin®?)
2.609 0.0128 8.826| 0.0783|6.5562 0.3129

3.4.1.3 Adsorption Thermodynamics

Depending on the thermodynamic relationship in Chapter one, equation
(1.9), that represents the equation for Van’t Hoff plot. The thermodynamic
adsorption parameters including (AH, AG, AS) for Difenoconazole
adsorption on Cellulose nanocrystalline can be investigated from the slope
which equals (-AH /R) and y - intercept with a value of (AS/R), for the graph

(In ge/Ce) versus (1/T) values, as appears in (Figure 3.44).
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Figure 3.44: The plot of Van’t Hoff Thermodynamic study for Difenoconazole removal
by Cellulose Nanocrystalline, (initial concentration = 12 mg/L, pH = 7, adsorption time

= 20 minute, nanopolymer dosage = 10 mg, reaction mixture volume= 10 mL).

The following table detects the adsorption thermodynamic parameters (AS,

AG and AH) for Difenoconazole removal using Cellulose nanocrystalline.

Table 3.9: The thermodynamic parameters for Difenoconazole removal
by Cellulose Nanocrystalline.

Adsorption of Difenoconazole on Cellulose nanocrystalline
Adsorption Thermodynamics

AH (kJ) A°G (kJ) AS (J/K)
-20.282 -5.132 -51.681

The change in standard Gibbs free energy was calculated at the standard
temperature (293.15 K), By looking to the (A°G = -5.132 kJ) value and
change in enthalpy (AH = -20.282 kJ). This indicates that the adsorption
process of Difenoconazole on Cellulose nanocrystalline is exothermic (AH

< 0) and spontaneous (AG < 0).

The AS value for the adsorption process was negative indicating that the

randomness at the solid/solution interface decreased during the adsorption
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process. As well as negative change in Entropy value (-AS) indicated the
presence of associative reaction mechanism in which absence of a significant
change will occur in the internal structure of the cellulose nanocrystalline

through the adsorption process.

3.4.2 Difenoconazole Adsorption by Cellulose functionalized with 2-

furan carbonyl chloride

3.4.2.1 Adsorption Isotherms

An investigation of the best isotherm for Difenoconazole adsorption on
Cellulose Modified with 2-furan carbonyl chloride will be detected
according to the plots for Freundlich and Langmuir isotherms. Adsorption

isotherm parameters were calculated by plotting equation (1.1) that

represents graph of C.J/q, on y-axis versus C, on x-axis for Langmuir
adsorption isotherm, and equation (1.3) that represents logg, on y-axis
versus logC, on x-axis for Freundlich adsorption isotherm as appearing in

(Figure 3.45) and (Figure 3.46) respectively.
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3.4.1.1.1 Langmuir Adsorption Isotherm
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Figure 3.45: The plot of Langmuir Adsorption study for Difenoconazole removal by
Cellulose functionalized with 2-furan carbonyl chloride, (pH = 8, temperature = 20 °C,
adsorption time = 20 minute, nanopolymer dosage = 10 mg, reaction mixture volume=
10 mL).

3.4.2.1.2 Freundlich Adsorption Isotherm
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Figure 3.46: The plot of Freundlich Adsorption study for Difenoconazole removal by
Cellulose functionalized with 2-furan carbonyl chloride, (pH = 7, temperature = 20 °C,
adsorption time = 20 minute, nanopolymer dosage = 10 mg, reaction mixture volume =
10 mL).
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As shown from the previous figures, R? value using Langmuir adsorption
isotherm is 0.9976 (more close to 1 compared with R?for Freundlich model).
As well as, R_ in Langmuir adsorption is 0.0440 that suggests that this
adsorption is favorable according to Langmuir model. As a result of R? and
R. values, we detect that the adsorption of Difenoconazole on Cellulose
Modified with 2-furan carbonyl chloride represents chemical adsorption and
fitted with Langmuir equation. This is evidence on the presence of real
chemical bonds between the Difenoconazole and the adsorbent Cellulose

Modified with 2-furan carbonyl chloride.

The following table represents parameters of Freundlich and Langmuir
isotherms for Difenoconazole removal on Cellulose Modified with 2-furan

carbonyl chloride.

Table 3.10: Freundlich and Langmuir Isotherm Parameters for
Difenoconazole removal by Cellulose Functionalized with 2-furan
carbonyl chloride.

Adsorption of Difenoconazole on Cellulose Modified with 2-furan
carbonyl chloride
Equilibrium Isotherm Models

Langmuir Isotherm Freundlich Isotherm

Qo Re K 1/n (L/g)
b (L/m n (g/L

(myrg) | ° M) (mgrg) |" V)

5.893 2.173 0.0440 9.270 -4.016 -0.249

3.4.2.2 Kinetics of Adsorption

In order to detect the adsorption mechanism, the experimental kinetic data
for Difenoconazole adsorption on Cellulose Modified with 2-furan carbonyl

chloride are fitted with intra-particle-diffusion-kinetic, pseudo-first-order-
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Kinetic and pseudo-second-order-kinetic models. The Kkinetics parameters
of adsorption and correlation coefficients have been calculated from the

linear plots of equation (1.4) that represent plotting of log(q, - ;) versus

time for pseudo-first-order model, equation (1.5) that represents a graph of

(t/q;) versus time for pseudo-second-order model, and equation (1.6) by
plotting g versus t° for intra-particle diffusion kinetic model, as appearing

in (Figure 3.47-Figure 3.49).

3.4.2.2.1 Pseudo-First-Order-Kinetics
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Figure 3.47: The plot of pseudo-first-order-kinetic study for Difenoconazole removal by
Cellulose functionalized with 2-furan carbonyl chloride, (nanopolymer dosage = 10 mg,
initial concentration = 10 mg/L, reaction mixture volume = 10 mL, temperature = 20 °C,
pH=7).
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3.4.2.2.2 Pseudo-Second-Order-Kinetics
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Figure 3.48: The plot of pseudo-second-order-kinetic study for Difenoconazole removal
by Cellulose functionalized with 2-furan carbonyl chloride, (hanopolymer dosage = 10
mg, initial concentration = 10 mg/L, reaction mixture volume = 10 mL, temperature = 20
°C,pH=17).

3.4.2.2.3 Intra-Particle-Diffusion-Kinetics
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Figure 3.49: The plot of Intra-Particle-Diffusion-kinetic study for Difenoconazole
removal by Cellulose functionalized with 2-furan carbonyl chloride, (hanopolymer
dosage = 10 mg, initial concentration = 10 mg/L, reaction mixture volume = 10 mL,

temperature = 20 °C, pH =7).
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Depending on the observed correlation coefficient (R?) values in each
studied kinetic model. As well as, the comparison between g. values that are
detected according to pseudo-first-order and pseudo-second-order kinetic
adsorptions, value of ge via pseudo-second-order kinetic adsorption model
(that equals 8.849 mg/q) is very close to g. experimental (8.773 mg/g) in
contrast of the calculated pseudo-first-order ge (1.764 mg/g) that is not close
to the experimental one. These results showed that Difenoconazole removal
on Cellulose Modified with 2-furan carbonyl chloride is fitted with the

mechanism of pseudo-second-order kinetics.

The following table detects the kinetic parameters of pseudo-first-order-
Kinetic, pseudo-second-order-kinetic and intra-particle-diffusion models for
Difenoconazole adsorption on Cellulose Modified with 2-furan carbonyl

chloride.

Table 3.11: The parameters for pseudo-first-order-kinetic, pseudo-
second-order-kinetic and intra-particle-diffusion-kinetic models for
Difenoconazole removal by Cellulose Functionalized with 2-furan
carbonyl chloride.

Adsorption of Difenoconazole on Cellulose Modified with 2-furan
carbonyl chloride
Adsorption Kinetic Models

Pseudo First-Order Qexp | PSeudo Second- Intra-Particle
Kinetics | (mg/g) | Order Kinetics | Diffusion Kinetics

Kz
K1 - Kp
(mg/g; (mg.g° 8.773 (mg/gq)e (19 rmg (mg/g; (mg.g°
L min?) ' ' 1 1 min)
1.764 | 7.83*10° 8.849 | 0.224| 7.8276 0.1483
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3.4.2.3 Adsorption Thermodynamics

According to the thermodynamic relationship in chapter one, equation (1.9);
that represents Van’t Hoff plot. The thermodynamic adsorption parameters
for Difenoconazole adsorption by Cellulose functionalized with 2-furan
carbonyl chloride can be investigated from the slope (-AH /R) and y-

intercept (AS/R) for plotting (In ge/C.) versus (1/T) values, as appears in

(Figure 3.50).
3
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Figure 3.50: The plot of Van’t Hoff Thermodynamic study for Difenoconazole removal
by Cellulose functionalized with 2-furan carbonyl chloride, (initial concentration = 10
mg/L, pH = 8, adsorption time = 20 minute, nanopolymer dosage = 10 mg, reaction
mixture volume = 10 mL).

The following table detects the adsorption thermodynamic parameters (AS,

AG and AH) for Difenoconazole removal using Cellulose functionalized with

2-furan carbonyl chloride.
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Table 3.12: The thermodynamic parameters for Difenoconazole
removal by Cellulose Functionalized with 2-furan carbonyl chloride.

Adsorption of Difenoconazole on Cellulose Modified with 2-
furan carbonyl chloride

Adsorption Thermodynamics

AH (kJ) A°G (kJ) AS (J/IK)
-25.442 -5.322 -68.667

The change in standard Gibbs free energy was calculated at the standard
temperature (293.15 K), According to (A°G =-5.312 kJ) and (AH = -25.442
kJ) values. This indicates that the adsorption process of Difenoconazole on
Cellulose Modified with Furan-2-carbonyl chloride is exothermic (AH < 0)
and spontaneous (AG < 0). Negative change in Entropy indicates a presence
of an associative mechanism in which absence of a significant change will
occur in the internal structure of the Cellulose functionalized with 2-furan

carbonyl chloride during the adsorption process.

3.4.3 Difenoconazole Adsorption by Cellulose functionalized with 2,6-

pyridine dicarbonyl dichloride

3.4.3.1 Adsorption Isotherms

An investigation of the best isotherm for Difenoconazole adsorption on
Cellulose functionalized with 2,6-pyridine dicarbonyl dichloride will be
determined according to the graphs for Freundlich and Langmuir
isotherms. Adsorption isotherm parameters were calculated by plotting
equation (1.1) that represents graph of C.q, versus C, for Langmuir
adsorption isotherm, and equation (1.3) that represents logq, versus logC,
for Freundlich adsorption isotherm, as appears in (Figure 3.51) and (Figure

3.52) respectively.
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3.4.3.1.1 Langmuir Adsorption Isotherm

A

R?=0.9978

0.5

1.5

2
C. (mg/L)

2.5

Figure 3.51: The plot of Langmuir Adsorption study for Difenoconazole removal by
Cellulose functionalized with 2,6-pyridine dicarbonyl dichloride, (pH = 6, temperature =
20 °C, adsorption time = 60 minute, nanopolymer dosage = 10 mg, reaction mixture

volume =10 mL).

3.4.3.1.2 Freundlich Adsorption Isotherm
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Figure 3.52: The plot of Freundlich Adsorption study for Difenoconazole removal by

Cellulose functionalized with 2,6-pyridine dicarbonyl dichloride, (pH = 6, temperature =

20 °C, adsorption time = 60 minute, nanopolymer dosage = 10 mg, reaction mixture

volume =10 mL).
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As shown from the previous figures, R? value using Langmuir adsorption
isotherm is approximately 1. In addition, R_ in Langmuir adsorption is
0.0553 which suggests that this adsorption is favorable according to
Langmuir model. According to the detected R? and R, values, we conclude
that the adsorption of Difenoconazole on Cellulose functionalized with 2,6-
pyridine dicarbonyl dichloride is chemical adsorption and follows Langmuir
equation. This is a strong evidence on the presence of real chemical bonds
between the Difenoconazole pesticides and Cellulose Modified with 2,6-

pyridine dicarbonyl dichloride.

The following table represents parameters of Freundlich and Langmuir
isotherm adsorptions for Difenoconazole adsorption on Cellulose

functionalized with 2,6-pyridine dicarbonyl dichloride.

Table 3.13: Freundlich and Langmuir isotherm Parameters for
Difenoconazole removal by Cellulose Functionalized with 2,6-pyridine
dicarbonyl dichloride.

Adsorption of Difenoconazole on Cellulose Modified with 2,6-
pyridine dicarbonyl dichloride
Equilibrium Isotherm Models

Langmuir Isotherm Freundlich Isotherm

R K 1/n (L/

(mg/g; b (L/mg) | (mgig)| " @Y o
5.447 1.708 | 0.0553 | 9.311 -3.618 -0.276

3.4.3.2 Kinetics of Adsorption

In order to determine each adsorption mechanism, the experimental kinetic
data for Difenoconazole adsorption on Cellulose functionalized with 2,6-

pyridine dicarbonyl dichloride are fitted with intra-particle diffusion,
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pseudo-first-order and pseudo-second-order kinetic models. The kinetics

parameters of adsorption and correlation coefficients have been calculated

from the linear plots of equation (1.4) that represent plotting of log(q, - ;)

versus t for pseudo-first-order-model, equation (1.5) that represents a graph

of (t/q,) versus t for pseudo-second-order-model, and equation (1.6) by
plotting g versus t%° for intra-particle-diffusion-kinetic model, as appearing

in (Figure 3.53-Figure 3.55).

3.4.3.2.1 Pseudo-First-Order-Kinetics
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Figure 3.53: The plot of pseudo-first-order-kinetic study for Difenoconazole removal by
Cellulose functionalized with 2,6-pyridine dicarbonyl dichloride, (nanopolymer dosage =
10 mg, initial concentration = 10 mg/L, reaction mixture volume = 10 mL, temperature =
20 °C,pH =7).
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3.4.3.2.2 Pseudo-Second-Order-Kinetics
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Figure 3.54: The plot of pseudo-second-order-kinetic study for Difenoconazole removal
by Cellulose functionalized with 2,6-pyridine dicarbonyl dichloride, (nanopolymer
dosage = 10 mg, initial concentration = 10 mg/L, reaction mixture volume = 10 mL,

temperature = 20 °C, pH = 7).

3.4.3.2.3 Intra-Particle-Diffusion-Kinetics
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Figure 3.55: The plot of Intra-Particle-Diffusion-kinetic study for Difenoconazole
removal by Cellulose functionalized with 2,6-pyridine dicarbonyl dichloride,
(nanopolymer dosage = 10 mg, initial concentration = 10 mg/L, reaction mixture volume
= 10 mL, temperature = 20 °C, pH = 7).
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By looking to the R? values using the studied kinetic models. As well as,
comparison between the values of ge that are calculated according to pseudo-
first-order-kinetic and pseudo-second-order-kinetic models, value of g via
pseudo-second-order adsorption model (that equals 8.834 mg/q) is very close
to ge experimental (8.745 mg/g) in contrast of the calculated pseudo-first-
order ge (2.016 mg/g) that is not close to the experimental one. These results
showed the adsorption of Difenoconazole on Cellulose functionalized with
2,6-pyridine dicarbonyl dichloride fitted with pseudo-second-order

adsorption kinetics in which the value of R? for this kinetic model is 0.9999.

The following table investigates kinetic parameters of pseudo-first-order-
Kinetic, pseudo-second-order-kinetic and intra-particle-diffusion-models for
Difenoconazole adsorption by Cellulose functionalized with 2,6-pyridine

dicarbonyl dichloride.

Table 3.14: The parameters for pseudo-first-order-kinetic, pseudo-
second-order-kinetic and intra-particle-diffusion-kinetic models for
Difenoconazole removal by Cellulose Functionalized with 2,6-pyridine
dicarbonyl dichloride.

Adsorption of Difenoconazole on Cellulose Modified with 2,6-pyridine
dicarbonyl dichloride
Adsorption Kinetic Models

Pseudo First-Order|Qexp Pseudo  Second-|Intra-Particle
Kinetics (mg/g) |Order Kinetics Diffusion Kinetics
) gt i o amg g
(mg/g) |(mg.g™min?) 8745 (mafg) |iuty (MO/g) |3 o,
2.016 [8.982* 103 8.834 |0.1396 |7.5422 |0.1746
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3.4.3.3 Adsorption Thermodynamics

Depending on thermodynamic relationship in chapter one, equation (1.9),
that represents Van’t Hoff plot. The thermodynamic adsorption parameters
including (AH, AG, AS) for Difenoconazole adsorption by Cellulose
functionalized with 2,6-pyridine dicarbonyl dichloride can be investigated
from the slope (-AH /R) and y-intercept (AS/R) for plotting (In g/Ce)

versus (1/T) values, as appears in (Figure 3.56).

25
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Figure 3.56: The plot of Van’t Hoff Thermodynamic study for Difenoconazole removal
by Cellulose functionalized with 2,6-pyridine dicarbonyl dichloride, (initial concentration
=8 mg/L, pH = 6, adsorption time = 60 minute, nanopolymer dosage = 10 mg, reaction

mixture volume = 10 mL).
The following table represents the adsorption thermodynamic parameters
(AS, AG and AH) for Difenoconazole removal using Cellulose functionalized

with 2,6-pyridine dicarbonyl dichloride.
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Table 3.15: The thermodynamic parameters for Difenoconazole
removal by Cellulose Functionalized with 2,6-pyridine dicarbonyl
dichloride.

Adsorption of Difenoconazole on Cellulose Modified with
2,6-pyridine dicarbonyl dichloride

Adsorption Thermodynamics

AH (kJ) A°G (kJ) AS (J/IK)
-24.554 -4.013 -70.071

The change in standard Gibbs free energy was calculated at the standard
temperature (293.15 K), By considering the value of (A°G = -4.013 kJ)
and value of change in enthalpy (AH = -24.554 kJ). This indicates that the
adsorption process of Difenoconazole on Cellulose functionalized with
2,6-pyridine dicarbonyl dichloride is exothermic (AH < 0) and

spontaneous (AG < 0).

The AS for the adsorption process was negative indicating that the
randomness at the solid/solution interface decreased during the adsorption
process. In addition, negative change in the Entropy (-AS) detects the
existence of an associative reaction mechanism between the adsorbate and
the nanopolymer, in which no significant change will appear in the internal
structure for the Cellulose modified with 2,6-pyridine dicarbonyl dichloride

during the adsorption process.

3.4.4 Tetraconazole Adsorption by Cellulose nanocrystalline

3.4.4.1 Adsorption Isotherms

An investigation of the best isotherm for Tetraconazole adsorption on

Cellulose nanocrystalline will be determined according to the graphs for
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Freundlich and Langmuir isotherms. Adsorption isotherm parameters were

calculated by plotting equation (1.1) that represents graph of C./q, versus
C, for Langmuir adsorption isotherm, and equation (1.3) that represents
logg, versus logC, for Freundlich adsorption isotherm, as appears in

(Figure 3.57) and (Figure 3.58) respectively.

3.4.4.1.1 Langmuir Adsorption Isotherm
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Figure 3.57: The plot of Langmuir Adsorption study for Tetraconazole removal by
Cellulose Nanocrystalline, (pH = 4, temperature = 20 °C, adsorption time = 30 minute,
nanopolymer dosage = 10 mg, reaction mixture volume = 10 mL).
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3.4.4.1.2 Freundlich Adsorption Isotherm
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Figure 3.58: The plot of Freundlich Adsorption study for Tetraconazole removal by
Cellulose Nanocrystalline, (pH = 4, temperature = 20 °C, adsorption time = 30 minute,

nanopolymer dosage = 10 mg, reaction mixture volume = 10 mL).

As appearing in the previous figures, R?using Langmuir adsorption isotherm
15 0.9933. In addition, R in Langmuir adsorption is 0.0283 that suggests that
this adsorption is favorable according to this adsorption model. As a result
of R? and R values, we investigate that the removal of Tetraconazole on
Cellulose nanocrystalline represent a chemical adsorption and fitted with
Langmuir equation which is an evidence for a presence of real chemical

bonds between Tetraconazole and Cellulose nanocrystalline.

The following table represents parameters of Freundlich and Langmuir
isotherm adsorptions for the adsorption of Tetraconazole by Cellulose

nanocrystalline.
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Table 3.16: Freundlich and Langmuir isotherm Parameters for
Tetraconazole removal by Cellulose Nanocrystalline Adsorbent.

Adsorption of Tetraconazole on Cellulose nanocrystalline
Equilibrium Isotherm Models

Langmuir Isotherm Freundlich Isotherm
Qe(mafg) | b(Lmg)| | KEl gy 0
(mg/g) (L/9)

6536 | 3438|0028 gos4| 4724|

0.212

3.4.4.2 Kinetics of Adsorption

In order to detect the adsorption mechanism, the experimental kinetic data
for Tetraconazole adsorption on Cellulose nanocrystalline are fitted with
intra-particle diffusion, pseudo-first-order and pseudo-second-order kinetic

models

The kinetics parameters of adsorption and correlation coefficients have been

calculated from the linear plots of equation (1.4) that represent plotting of

log(q. - g;) Vversus time for pseudo-first-order-model, equation (1.5) that
represents a graph of (t/q,) versus time for pseudo-second-order-model, and
equation (1.6) by plotting q; versus t>° for intra-particle-diffusion-kinetic

model, as appearing in (Figure 3.59-Figure 3.61).
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3.4.4.2.1 Pseudo-First-Order-Kinetics
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Figure 3.59: The plot of pseudo-first-order-kinetic study for Tetraconazole removal by
Cellulose Nanocrystalline, (nanopolymer dosage = 10 mg, initial concentration = 10
mg/L, reaction mixture volume = 10 mL, temperature = 20 °C, pH =7).

3.4.4.2.2 Pseudo-Second-Order-Kinetics
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Figure 3.60: The plot of pseudo-second-order-kinetic study for Tetraconazole removal
by Cellulose Nanocrystalline, (nanopolymer dosage = 10 mg, initial concentration = 10
mg/L, reaction mixture volume = 10 mL, temperature = 20 °C, pH =7).
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3.4.4.2.3 Intra-Particle-Diffusion Kinetics
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Figure 3.61: The plot of Intra-Particle-Diffusion-kinetic study for Tetraconazole removal by
Cellulose Nanocrystalline, (nanopolymer dosage = 10 mg, initial concentration = 10 mg/L,

reaction mixture volume = 10 mL, temperature = 20 °C, pH = 7).

By looking to the R? values using the studied kinetic models. The correlation
coefficient for pseudo-second-order model was very close to one (R? =
0.999). As well as, the comparison between g, values that are calculated
according to pseudo-first-order and pseudo-second-order adsorption kinetic
models, value of ge via pseudo second-order kinetic model (that equals 7.380
mg/g) is very close to g. experimental (7.112 mg/g), in contrast to the
calculated pseudo-first-order-model ge (4.189 mg/g) that is not close to the
experimental value of g.. These results showed that the adsorption of
Tetraconazole on Cellulose nanocrystalline is fitted with pseudo-second-

order adsorption kinetic mechanism
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The following table detects the kinetic parameters of pseudo-first-order,
pseudo-second-order and intra-particle diffusion models for Tetraconazole

adsorption on Cellulose nanocrystalline.

Table 3.17: The parameters for pseudo-first-order-kinetic, pseudo-
second-order-kinetic and intra-particle-diffusion-kinetic models for
Tetraconazole removal by Cellulose Nanocrystalline.

Adsorption Tetraconazole on Cellulose nanocrystalline

Adsorption Kinetic Models

Pseudo First-Order OexplPseudo  Second- Intra-Particle
Kinetics|\(mg/q) Order Kinetics|  Diffusion Kinetics

0% K1 0% K> C Kp
mg.g- .mg mg.gt.min-

myg) Y 7uzmyg | LM o) MY
4.189| 8.06*107 7.380| 0.0711 4.7891 0.3669

3.4.4.3 Adsorption Thermodynamics

Depending on the thermodynamic relationship in chapter one, equation
(1.9), that represents Van’t Hoff plot. The thermodynamic adsorption
parameters including (AH, AG, AS) for Tetraconazole adsorption on
Cellulose nanocrystalline can be investigated from the slope (-AH /R) and
y - intercept (AS/R) for the graph (In g/C.) versus (1/T) values, as appears
in (Figure 3.62).
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Figure 3.62: The plot of Van’t Hoff Thermodynamic study for Tetraconazole removal
by Cellulose Nanocrystalline, (initial concentration = 4 mg/L, pH = 4, adsorption time =
30 minute, nanopolymer dosage = 10 mg, reaction mixture volume = 10 mL).

The following table detects the adsorption thermodynamic parameters (AS,

AG and AH) for Tetraconazole removal using Cellulose nanocrystalline.

Table 3.18: The thermodynamic parameters for Tetraconazole removal
by Cellulose Nanocrystalline.

Adsorption of Tetraconazole on Cellulose nanocrystalline
Adsorption Thermodynamics

AH (kJ) A°G (kJ) AS (J/IK)
-25.513 -5.031 -69.867

The change in standard Gibbs free energy was calculated at the standard
temperature (293.15 K), By looking to the (A°G = -5.031 kJ) value and
change in enthalpy (AH = -25.513 kJ). This indicates that the adsorption
process of Tetraconazole on Cellulose nanocrystalline is exothermic (AH <

0) and spontaneous (AG < 0).

The AS value for the adsorption process was negative indicating that the

randomness at the solid/solution interface decreased during the adsorption
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process. As well as, negative change in the Entropy (-AS) approved the
existence of an associative reaction mechanism between the tetraconazole
pesticide and the nanopolymer, in which no significant change will appear
in the internal structure of Cellulose nanocrystalline during the adsorption

process.

3.4.5 Tetraconazole Adsorption by Cellulose functionalized with 2-

Furan carbonyl chloride

3.4.5.1 Adsorption Isotherms

A detection of the best isotherm for Tetraconazole adsorption on Cellulose
functionalized with 2-furan carbonyl chloride will be determined according
to the graphs for Freundlich and Langmuir isotherms. Adsorption isotherm
parameters were calculated by plotting equation (1.1) that represents a
graph of C.J/q, on y-axis versus C, on x-axis for Langmuir adsorption
isotherm, and equation (1.3) that represents logqg, on y-axis versus logC,
on x-axis for Freundlich adsorption isotherm, as appears in (Figure 3.63)

and (Figure 3.64) respectively.
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3.4.5.1.1 Langmuir Adsorption Isotherm
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Figure 3.63: The plot of Langmuir Adsorption study for Tetraconazole removal by

Cellulose functionalized with 2-furan carbonyl chloride, (pH = 4, temperature = 20 °C,

adsorption time = 15 minute, nanopolymer dosage = 10 mg, reaction mixture volume =

10 mL).

3.4.5.1.2 Freundlich Adsorption Isotherm
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Figure 3.64: The plot of Freundlich study for Tetraconazole removal by Cellulose

functionalized with 2-furan carbonyl chloride, (pH = 4, temperature = 20 °C, adsorption

time = 15 minute, nanopolymer dosage = 10 mg, reaction mixture volume = 10 mL).
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As shown from the previous figures, R? values using Langmuir adsorption
isotherm is 0.9963 while for Freundlich isotherm, R? is 0.9664. As well as,
R in Langmuir adsorption is 0.0289 that suggests that this adsorption is
favorable according to Langmuir model. As a result of R? and Ry values, we
detect that the adsorption of Tetraconazole on Cellulose functionalized with
2-furan carbonyl chloride follows the Langmuir equation and it represents
chemical adsorption. These results are indicating a strong evidence for the
presence of real chemical bonds between Tetraconazole and Cellulose

Modified with 2-furan carbonyl chloride adsorbent.

The following table represents the parameters of Freundlich and Langmuir
isotherm adsorptions for Tetraconazole on Cellulose functionalized with 2-

furan carbonyl chloride.

Table 3.19: Freundlich and Langmuir isotherm Parameters for
Tetraconazole removal by Cellulose Functionalized with 2-furan
carbonyl chloride.

Adsorption of Tetraconazole on Cellulose Modified with 2-furan carbonyl
chloride
Equilibrium Isotherm Models

Langmuir Isotherm Freundlich Isotherm
Qo(mg/g) |b(L/mg) |Ry Ke(mg/g) | n(g/L) 1/n (L/g)
6.662 3.350 0.0289 |9.118 -4.973 -0.201

3.4.5.2 Kinetics of Adsorption

In order to detect the adsorption mechanism, the experimental kinetic data
for Tetraconazole adsorption by Cellulose functionalized with 2-furan
carbonyl chloride are fitted with intra-particle diffusion, pseudo-first-order

and pseudo-second-order kinetic models



125
The kinetics parameters of adsorption and correlation coefficients have been

calculated from the linear plots of equation (1.4) that represent plotting of

log(g, - g;) Vversus time for pseudo-first-order-model, equation (1.5) that
represents a graph of (t/q,) versus time for pseudo-second-order-model, and
equation (1.6) by plotting q; versus t>° for intra-particle-diffusion-kinetic

model, as appearing in (Figure 3.65-Figure 3.67).

3.4.5.2.1 Pseudo-First-Order-Kinetics
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Figure 3.65: The plot of pseudo-first-order-kinetic study for Tetraconazole removal by
Cellulose functionalized with 2-furan carbonyl chloride, (nanopolymer dosage = 10 mg,
initial concentration = 10 mg/L, reaction mixture volume = 10 mL, temperature = 20 °C,

pH =7).
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3.4.5.2.2 Pseudo-Second-Order-Kinetics
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Figure 3.66: The plot of pseudo-second-order-kinetic study for Tetraconazole removal
by Cellulose functionalized with 2-furan carbonyl chloride, (nanopolymer dosage = 10
mg, initial concentration = 10 mg/L, reaction mixture volume = 10 mL, temperature = 20
°C,pH=7).

3.4.5.2.3 Intra-Particle-Diffusion-Kinetics
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Figure 3.67: The plot of Intra-Particle-Diffusion-kinetic study for Tetraconazole
removal by Cellulose functionalized with 2-furan carbonyl chloride, (nanopolymer
dosage = 10 mg, initial concentration = 10 mg/L, reaction mixture volume = 10 mL,

temperature = 20 °C, pH =7).
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By looking to the R? values using the studied kinetic models. The correlation
coefficient for pseudo-second-order model was very close to one (R? =
0.9998) comparing with pseudo-first-order (R?= 0.2974) and intra-particle
diffusion (R? = 0.4211) models. As well as, the comparison between Qe
values that are calculated according to pseudo-first-order and pseudo-
second-order adsorption kinetic models, value of ge via pseudo second-order
kinetic model (that equals 7.716 mg/qg) is very close to g. experimental (7.619
mg/g), in contrast of the calculated pseudo-first-order g. (17.95 mg/g) that is
not close to the experimental value of g.. These results showed that the
adsorption of Tetraconazole on Cellulose functionalized with 2-furan
carbonyl chloride is fitted with pseudo-second-order adsorption kinetic

mechanism.

The following table detects the kinetic parameters of pseudo-first-order,
pseudo-second-order and intra-particle diffusion models for Tetraconazole

on Cellulose functionalized with 2-furan carbonyl chloride.

Table 3.20: The parameters for pseudo-first-order-kinetic, pseudo-
second-order-kinetic and intra-particle-diffusion-kinetic models for
Tetraconazole Adsorption by Cellulose Functionalized with 2-furan
carbonyl chloride.

Adsorption of Tetraconazole on Cellulose Modified with 2-furan
carbonyl chloride
Adsorption Kinetic Models

Pseudo First-Order|Qexp Pseudo Second-|Intra-Particle
Kinetics (mg/g) |Order Kinetics |Diffusion Kinetics
K K K

Qe - Qe ’ C °

mg.g .mg’ mg.gt.min’
(i) (199, 7619 |(mgrg) {979, (mgrg) (509

2.909 [4.61*10° /.716 |0.238 |6.5853 |0.1716
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3.4.5.3 Adsorption Thermodynamics

Depending on the thermodynamic relationship in chapter one, equation
(1.9), that represents Van’t Hoff plot. The thermodynamic adsorption
parameters including (AH, AG, AS) for Tetraconazole adsorption on
Cellulose Modified with 2-furan carbonyl chloride can be investigated from
the slope (-AH /R) and y-intercept (AS/R) for plotting (In ge/Cc) versus

(1/T) values, as appears in (Figure 3.68).
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Figure 3.68: The plot of Van’t Hoff Thermodynamic study for Tetraconazole removal
by Cellulose functionalized with 2-furan carbonyl chloride, (initial concentration = 8
mg/L, pH = 4, adsorption time = 15 minute, nanopolymer dosage = 10 mg, reaction
mixture volume = 10 mL).

The following table detects the adsorption thermodynamic parameters (AS,

AG and AH) for Tetraconazole removal on Cellulose functionalized with 2-

furan carbonyl chloride.
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Table 3.21: The thermodynamic parameters for Tetraconazole removal
by Cellulose Functionalized with 2-furan carbonyl chloride.

Adsorption of Tetraconazole on Cellulose Modified with 2-
furan carbonyl chloride

Adsorption Thermodynamics

AH (kJ) A°G (kJ) AS (J/IK)
-23.383 -5.095 -62.385

The change in standard Gibbs free energy was calculated at the standard
temperature (293.15 K), By looking to the (A°G = -5.095 kJ) value and
change in enthalpy (AH = -23.383 kJ). This indicates that the adsorption
process of Tetraconazole on Cellulose functionalized with 2-furan carbonyl

chloride is exothermic (AH < 0) and spontaneous (AG < 0).

The AS for the adsorption process was negative detecting that the
randomness at the solid/solution interface decreased during the adsorption
process. As well as, negative change in Entropy detects the existence of an
associative reaction mechanism between the pesticide and the nanopolymer,
in which no significant change will appear in the internal structure of the

adsorbent during the adsorption process.

3.4.6 Tetraconazole Adsorption by Cellulose functionalized with 2,6-

pyridine dicarbonyl dichloride

3.4.6.1 Adsorption Isotherms

An investigation of the best isotherm for Tetraconazole on Cellulose
functionalized with 2,6-pyridine dicarbonyl dichloride will be determined
according to the graphs for Freundlich and Langmuir isotherms.

Adsorption isotherm parameters were calculated by plotting equation (1.1)



130
that represents graph of C./q, on y-axis versus C, on x-axis for Langmuir
adsorption isotherm, and equation (1.3) that represents logg, on y-axis
versus logC, on x-axis for Freundlich adsorption isotherm, as appears in

(Figure 3.69) and (Figure 3.70) respectively.

3.4.6.1.1 Langmuir Adsorption Isotherm
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Figure 3.69: The plot of Langmuir Adsorption study for Tetraconazole removal by
Cellulose functionalized with 2,6-pyridine dicarbonyl dichloride, (pH = 6, temperature =

20 °C, adsorption time = 20 minute, nanopolymer dosage = 10 mg, reaction mixture
volume =10 mL).
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3.4.6.1.2 Freundlich Adsorption Isotherm
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Figure 3.70: The plot of Freundlich Adsorption study for Tetraconazole removal by
Cellulose functionalized with 2,6-pyridine dicarbonyl dichloride, (pH = 6, temperature =
20 °C, adsorption time = 20 minute, nanopolymer dosage = 10 mg, reaction mixture

volume =10 mL).

As shown from the previous figures, R? values using Langmuir adsorption
isotherm is 0.9977 while for Freundlich isotherm, R? is 0.9704. As well as,
R in Langmuir adsorption is 0.0145 that suggests that this adsorption is
favorable according to Langmuir model. As a result of R? and R, values, we
conclude that the adsorption of Tetraconazole on Cellulose functionalized
with 2,6-pyridine dicarbonyl dichloride follows the Langmuir equation and
it represents chemical adsorption. These results are indicating a strong
evidence for the presence of real chemical bonds between Tetraconazole and

Cellulose functionalized with 2,6-pyridine dicarbonyl dichloride adsorbent.

The following table represents parameters of Freundlich and Langmuir
isotherm adsorptions for Tetraconazole adsorption on Cellulose

functionalized with 2,6-pyridine dicarbonyl dichloride.
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Table 3.22: Freundlich and Langmuir Isotherm Parameters for
Tetraconazole removal by Cellulose Functionalized with 2,6-pyridine
dicarbonyl dichloride.

Adsorption of Tetraconazole on Cellulose Modified with
2,6-pyridine dicarbonyl dichloride

Equilibrium Isotherm Models

Langmuir Isotherm Freundlich Isotherm

Qo (mg/g) |b (L/mg) [RL Kr (mg/g) [n (g/L) |1/n (L/g)
7.582 6.764 0.0145(8.925 -7.564 |-0.132

3.4.6.2 Kinetics of Adsorption

In order to detect the adsorption mechanism, the experimental kinetic data
for Tetraconazole on Cellulose functionalized with 2,6-pyridine dicarbonyl
dichloride are fitted with intra-particle diffusion, pseudo-first-order and

pseudo-second-order kinetic models

The kinetics parameters of adsorption and correlation coefficients have been
calculated from the linear plots of equation (1.4) that represent plotting of
log(g. - ;) Vversus time for pseudo-first-order-model, equation (1.5) that
represents a graph of (t/q,) versus time for pseudo-second-order-model, and
equation (1.6) by plotting q; versus t®° for intra-particle-diffusion-kinetic

model, as appearing in (Figure 3.71-Figure 3.73).
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3.4.6.2.1 Pseudo-First-Order-Kinetics
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Figure 3.71: The plot of pseudo-first-order-kinetic study for Tetraconazole removal by
Cellulose functionalized with 2,6-pyridine dicarbonyl dichloride, (pH = 7, nanopolymer
dosage = 10 mg, reaction mixture volume = 10 mL, initial concentration = 10 mg/L,
temperature = 20 °C).

3.4.6.2.2 Pseudo-Second-Order-Kinetics
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Figure 3.72: The plot of pseudo-second-order-kinetic study for Tetraconazole removal
by Cellulose functionalized with 2,6-pyridine dicarbonyl dichloride, (pH = 7,
nanopolymer dosage = 10 mg, reaction mixture volume = 10 mL, initial concentration =
10 mg/L, temperature = 20 °C).
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3.4.6.2.3 Intra-Particle-Diffusion-Kinetics
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Figure 3.73: The plot of Intra-Particle-Diffusion-Kinetics study for Tetraconazole
removal by Cellulose functionalized with 2,6-pyridine dicarbonyl dichloride, (pH = 7,
nanopolymer dosage = 10 mg, reaction mixture volume = 10 mL, initial concentration =
10 mg/L, temperature = 20 °C).

By looking to the R? values using the studied kinetic models. The correlation
coefficient for pseudo-second-order model was one comparing with pseudo-
first-order (R?= 0.5672) and intra-particle diffusion (R?= 0.6559) models.
As well as, the comparison between ge values that are calculated according
to pseudo-first-order and pseudo-second-order adsorption kinetic models,
value of g, via pseudo second-order kinetic model (that equals 8.091 mg/qg)
is very close to g. experimental (7.992 mg/g), in contrast to the calculated
pseudo- first-order e (2.757 mg/qg) that is not close to the experimental one.
These results showed that the adsorption of Tetraconazole on Cellulose
functionalized with 2,6-pyridine dicarbonyl dichloride is fitted with pseudo-

second-order adsorption kinetic mechanism

The following table detects the kinetic parameters of pseudo-first-order-

Kinetic, pseudo-second-order-kinetic and intra-particle-diffusion-kinetic
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models for Tetraconazole adsorption on Cellulose functionalized with 2,6-

pyridine dicarbonyl dichloride.

Table 3.23: The parameters for pseudo-first-order-kinetic, pseudo-
second-order kinetic and intra-particle-diffusion-kinetic models for
Tetraconazole removal by Cellulose Functionalized with 2,6-pyridine
dicarbonyl dichloride.

Adsorption of Tetraconazole on Cellulose Modified with 2,6-
pyridine dicarbonyl dichloride

Adsorption Kinetic Models

Pseudo First-lgexp  |Pseudo  Second-|Intra-Particle
Order Kinetics |(mg/g)|Order Kinetics Diffusion Kinetics

q K1 q K> C Kp

e - e - -
(mg.g (9.mg (mg.g

2.7157 ?023:}8 - 8.091 0.141 |6.7774 0.1799

3.4.6.3 Adsorption Thermodynamics

By using the thermodynamic relation of Van’t Hoff plot (equation 1.9). The
thermodynamic adsorption parameters (AH, AG and AS) for Tetraconazole
on Cellulose functionalized with 2,6-pyridine dicarbonyl dichloride can be

measured from the slope and y-intercept of the graph of In K, versus

(1/T), as appears in (Figure 3.74).
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Figure 3.74: The plot of Van’t Hoff Thermodynamics study for Tetraconazole removal
by Cellulose functionalized with 2,6-pyridine dicarbonyl dichloride, (pH = 6, initial
concentration = 6 mg/L, adsorption time = 20 minute, nanopolymer dosage = 10 mg,
reaction mixture volume = 10 mL).

The following table detects the adsorption thermodynamic parameters (AS,

AG and AH) for Tetraconazole pesticide on Cellulose Modified with 2,6-

pyridine dicarbonyl dichloride.

Table 3.24: The thermodynamic parameters for Tetraconazole removal
by Cellulose Functionalized with 2,6-pyridine dicarbonyl dichloride.

Adsorption of Tetraconazole on Cellulose Modified with 2,6-
pyridine dicarbonyl dichloride

Adsorption Thermodynamics

AH (kJ) A°G (kJ) AS (JIK)
-35.705 -5.817 -101.954

The change in standard Gibbs free energy was calculated at the standard
temperature (293.15 K), A°G equals -5.817 kJ, and enthalpy change AH
value equals -35.705 kJ. These negative values detect that the adsorption

process of Tetraconazole on Cellulose Modified with 2,6-pyridine
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dicarbonyl dichloride is feasible and exothermic one (AH < 0), as well as,

the process is spontaneous (AG < 0).

AS of this adsorption process was negative detecting that the randomness at
the solid/solution interface decreased during the adsorption reaction. As well
as, negative change in the Entropy (-AS) detects an existence of an
associative reaction mechanism between adsorbate and nanopolymer, such
that, no significant change will appear in the internal structure of this

adsorbent during adsorption.

3.5 Adsorption of Pesticide Mixture

HPLC instrument was used to measure the remained amount for a mixture
of total volume 20 mL, containing 10 ppm concentration of Difenoconazole,
10 mL solution, with 10 ppm of Tetraconazole, 10 mL solution, pH of the
mixture equals 7, temperature 20 °C and adsorbent dose equals 20 mg using
the three adsorbents. The results showed that Tetraconazole showed higher
percentages of removal than difenoconazole for the three adsorbent as shown

in Table 3.25.

Table 3.25: Adsorption Results for Difenoconazole and Tetraconazole
mixture using CNC, Cel-F and Cel-P adsorbents.

Adsorbent | Difenoconazole Percentage | Tetraconazole Percentage

removal in the mixture removal in the mixture
CNC 92.43% 93.59%
Cel-F 93.25% 95.19%

Cel-P 91.25% 92.76%
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(Figure 3.75) and (Figure 3.76) show the effect of adsorbent recovery for the

adsorption of Difenoconazole or Tetraconazole pesticides on Cellulose

functionalized with 2-furan carbonyl chloride (Cel-F) or Cellulose

functionalized with 2,6-pyridine dicarbonyl dichloride (Cel-P). As shown in

the figures, the difference between percentages of pesticides removal after

the first and second regeneration of each synthesized cellulose derivative is

very low. This is a strong evidence that the synthesized adsorbents can be

recycled, and hence be used efficiently for several times.

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

% of Difenoconazole Removal

Cel-F

Cel-P

M 1st use
M 1st regeneration

1 2nd regeneration

96.63%
93.47%
92.72%

94.65%
91.28%
90.42%

Figure 3.75: Nanopolymers Reuse Effect of Difenoconazole pesticide removal by

Cellulose functionalized with 2-furan carbonyl

chloride (Cel-F) or Cellulose

functionalized with 2,6-pyridine dicarbonyl dichloride (Cel-P), (reaction mixture volume

=10 mL).
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100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

% of Tetraconazole Removal

0%
Cel-F Cel-P
M 1st use 98.51% 94.88%
M 1st regeneration 94.63% 91.92%
1 2nd regeneration 93.72% 90.02%

Figure 3.76:
Cellulose functionalized with 2-furan carbonyl

Nanopolymers Reuse Effect of Tetraconazole pesticide removal by

chloride (Cel-F) or Cellulose

functionalized with 2,6-pyridine dicarbonyl dichloride (Cel-P), (reaction mixture volume

=10 mL).
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CHAPTER FOUR

CONCLUSION AND RECOMMENDATIONS

4.1 Conclusion

Organic pesticides can cause many health and environmental problems due
to their excessive toxic properties and poor biodegradability. In this work,
novel cellulose-based derivatives modified with different suitable chemical
reagents were synthesized, characterized using different analytical
instruments including SEM, TGA, H! NMR and FT-IR spectrometer, and

then used for pesticides removal from water.

Synthesis and characterization of the new synthesized adsorbents including
“cellulose nanocrystalline, cellulose modified with 2-furan carbonyl chloride
and cellulose modified with 2,6-pyridine dicarbonyl dichloride”, detect that
all adsorbents have promising chemical and thermal stabilities at the studied
temperatures. The results indicate that the synthesized compounds behave as
perfect adsorbents for difenoconazole and tetraconazole extraction from

water to a drinkable degree.
The observed results for this project include:

1. Maximum extent of adsorption was for cellulose modified with 2-
furan carbonyl chloride adsorbent in the presence of tetraconazole
pesticide with 98.51% as percentage removal. For difenoconazole
pesticide, the maximum percent of removal was 96.63% in the

presence of the same adsorbent. In case of using cellulose modified
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with 2,6-pyridine dicarbonyl dichloride as an adsorbent, the maximum
percentage of removal was approximately 95% for both
difenoconazole and tetraconazole. While using cellulose
nanocrystalline has resulted in percent’s of removal of 93.08% and

91.73% for difenoconazole and tetraconazole, respectively.

. The results detect that adsorption reactions fitted with the Langmuir
isotherm of adsorption. Moreover, all the mechanisms were fitted with

pseudo-second-order adsorption kinetic model.

. Novel synthesized cellulose derivatives have promising adsorption
efficiencies; as well as, results suggest strong complexation properties

between adsorbents and pesticides.

. Thermodynamic parameters proved that all adsorptions in this project

are spontaneous (AG < 0) and exothermic processes (AH < 0).

. The regenerated cellulose derivative adsorbents showed very good
adsorption capacities and a small effect on percentages of removal for

difenoconazole and tetraconazole was detected after multiple reuses.



142

4.2 Recommendations for Future work

— Using the new synthesized cellulose-based derivatives for removing
several non-persistent, moderately and persistent pesticides from water.

— Using the novel adsorbents for water purification on a commercial scale
in Palestine in the future.

— Using the synthesized adsorbents for removing pesticides from different
types of soils in Palestine.

— Adsorption studies of several water organic pollutants on the new
synthesized cellulose nanoparticles.

— Preparation of new cellulose nanomembranes modified with different
chemical reagents for water treatment.

— Distribution study of pesticides in the soil and water at Jenin city.

— Studying the exposure extent of the Palestinian farmers to toxic pesticides.
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