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Summary

Activated carbon is characterized as being of special importance for its
large use in industry field and for purposes of the pollution control.
Removal of the pollutants which are benzene, o-xylene and sulfide ion is a
main goal of the present research. The present investigation included the
use of:

1. Non-activated carbon, activated carbon and multi-walled carbon

nanotubes (MWCNT) synthesized from fuel oil wastes.

2. Ultrasonic technique.

In the first part the non-activated and activated carbons were prepared
from the wastes of fuel oil through calcination and activation processes by
using 20% of anhydrous zinc chloride. A novel MWCNT was synthesized
from activated carbon by ultrasonic technique. Identification of MWCNT is
achieved by using different techniques such as FE-SEM, TEM, AFM, XRD
and FT-IR. Additional physical evaluations of the samples were also
conducted such as the surface area, pH, density, moisture and ash content.

The prepared carbon types were tested to remove benzene, o-xylene and
sulfide ion from aqueous solutions with using normal equilibration for
sulfide ion, while benzene and o-xylene by using a new circulating system.
Evaluation and efficiency of MWCNT and of activated and non-activated
carbon samples were concerned through adsorption of benzene, o-xylene
and sulfide ion from aqueous solution. Adsorption process on carbon for
benzene, o-xylene and sulfide ion solutions was investigated at
concentrations of (50, 100, 150, 200, 250, 300) ppm at four different
temperatures (283, 293, 313 and 333) K and at different periods of time.
Equilibrium adsorption study was done by using a new circulating system
and isothermal models which are Langmuir, Freundlich and Temkin.
Kinetic and thermodynamic parameters were also calculated.

Specific adsorption percentages of benzene and o-xylene were highly

affected by the addition of activator and decreased with increasing



temperature compatible to that of non-activated carbon. The adsorption rate
was increased by increasing benzene and o-xylene concentrations. A
complete removal of benzene and o-xylene concentrations were achieved
for initial concentrations of (50,100) ppm by MWCNT at temperature of
283 K. As such, it is clearly proved that benzene and o-xylene adsorption
by synthetic MWCNT suits fair enough with the adsorption models. It
clarifies that benzene and o-xylene adsorption by synthetic activated carbon
and non-activated carbon agrees fair enough with the Freundlich and
Temkin adsorption models and it poorly fits with Langmuir isotherm
model. The negative value of enthalpy (AH®) indicates that the adsorption
process is exothermic and physical in nature, while the negative values of
(AS®) are explained on the basis of decrease in order at adsorption system.
The negative value of (AG®) indicates that the adsorption process could
occur spontaneously. Kinetic study of the considered compounds on carbon
showed that the adsorption system fits the pseudo first order model.

In the second part, degradation of benzene and o-xylene in an agueous
solution by ultrasonic has been done at different temperatures with initial
concentrations of 100 and 200 ppm. Kinetic and thermodynamic
degradation parameters of benzene and o-xylene were investigated, while,
the mechanism of benzene and o-xylene sonolysis were proposed and
discussed.

The degradation rate of benzene and o-xylene increased with the
increasing of electric power, sonication time and decreased with increasing
liquid volume, temperature and initial concentration of benzene and o-
xylene. The beneficial effect of power on removal rates is believed to be
due to increased cavitational activity occurring at higher levels of power.
Thermodynamic parameters indicated that benzene and o-xylene
degradation was spontaneous and exothermic in nature. Data obtained were

fit with the pseudo-first order model.
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CHAPTER ONE

1. Introduction
1.1. Overview

Pollution is one of the most serious problems affecting our
environment, and life aspects. It is one of the most worldwide serious
issues. With time, pollution problems increase with the growth of
population and the increasing demands for water and food supplies which
places an increasing stress on the ground and surface water quality and

quantity 2.

1.2. Fuel Oil

Most petroleum products can be used as fuels, but the phrase “fuel oil”, if
ever used without qualification, may be interpreted differently depending
on its context. However, because fuel oils are complex mixture of
hydrocarbons, they can not be classified or defined precisely by chemical
formula or definite physical properties. The arbitrary division or
classification of fuel oils is based on their applications rather than on their
chemical or physical properties. However, two broad classifications are
generally recognized: (1) distillate fuel oil and (2) residual fuel oil ©.The
conventional description of “fuel oil” is generally associated with the black,
viscous residual material isolated as the result of refinery distillation of
crude oil either alone or as a blend with light components used for steam

generation and various industrial processes .

1.2.1. Residual Fuel Oil

The phrase “fuel oil” is applied not only to distillate products but also to
residual materials, which are distinguished from distillate type fuel oil by
boiling range and, hence, is referred to as residual fuel oil .Thus residual
fuel oil is the fuel oil that is manufactured by the distillation residuum.

The phrase includes all residual fuel oils, and fuel oil obtained by vis



breaking as well as by blending residual products from other operations ©.
Various grades of heavy fuel oils are produced to meet rigid specifications
to ensure suitability for their intended usages. Detailed analysis of residual
products, such as residual fuel oil, is more complex than the analysis of
lower molecular weight liquid products. As with other products, there are a
variety of physical property measurements that are required to determine
whether the residual fuel oil meets specification or not. Yet, the range of
molecular types presents in petroleum products increases significantly with
the increase in the molecular weight (i.e., an increase in the number of
carbon atoms per molecule). Therefore, characterization can not, and does
not, focus on the identification of specific molecular structures but on
molecular classes (paraffins, naphthenes, aromatics, polycyclic compounds,
and polar compounds). Several tests that are usually applied to the lower-
molecular-weight colorless and/or light-colored products can not apply to

residual fuel oil &7,

1.3. Effects of Organic and Inorganic Compounds on Human Health

Organic and inorganic contaminants from industrial waste streams that
seriously threaten the human health and the environment has been
recognized as an issue of growing importance in recent years. The volume
of waste water from domestic and industries is increasing yearly, the
pollutants in the industrial waste water depend on the type of industries, the
suitable treating processes and the type of the pollutants ®. Harmful effects
of benzene, o-xylene and sulfide ion prevalent in this study are as follow:
1.3.1. Benzene

Benzene is one of the major volatile organic compounds that are widely
used in many industries as a solvent for organic synthesis, equipment
cleaning and other processing purposes that exists in many fuels such as
petroleum®. Petrochemical waste water introduces pollutants in the

(10-12)

environment . However, this compound has highly health concern

causing cancer, irritation of mucosal membranes, hematological changes,



impairment of the central nervous system, respiratory problems and
disruption of liver and kidney ™. Therefore, the removal of this pollutant
has a highly potential research in environmental treatments.

Table (1-1): Physiochemical properties of benzene compound %

Characteristics Benzene

Chemical formula CsHs
Chemical structure @
Polarity Non-polar
Molecular weight (g/mol) 78.12
Density(g/cm®) 0.876
Color Colorless
Physical state Liquid
Water solubility at 20 °C (mg/l) 1780
Boiling point (°C) 80
Melting point (°C) 5.5
Vapor pressure at 25 °C (mmHg) 95

1.3.2. O-xylene

Xylene has been widely used as a solvent in a variety of industries and
commercial processes, such as chemical production, printing, paint,
synthetic resin, rubber, automobiles emission ™. However, the xylene is a
volatile organic compound, which is produced by petroleum industries and
presented in many petroleum derivatives, such as fuel oil and gasoline
1610 Xylene is a very risky organic compound as an environmental
pollutant which penetrates human systems through ingestion, inhalation or
absorption. Concerning healthy aspects, it might cause some problems in
the liver, kidneys, heart, lungs and nervous system, including neurological
diseases or cancer ™®. Therefore, the removal of these pollutants is an

important target for environmental treatment systems.


http://en.wikipedia.org/wiki/Melting_point

Table (1-2): Physiochemical properties of 0-xylene compound ¥

Characteristics O-xylene
Chemical formula CeHi(CHy),
CH,
Chemical structure “ ‘j/CHQ
~
Polarity Non-polar
Molecular weight (g/mol) 106.18
Density(g/cm®) 0.880
Color Colorless
Physical state Liquid
Water solubility at 20 °C (mg/l) 178
Boiling point (°C) 144.41
Melting point (°C) -25.2
Vapor pressure at 25 °C (mmHg) 6.61

1.3.3. Sulfide Pollution

Most of the hydrogen sulfide in raw waters is derived from natural
sources and industrial processes ™. A rotten egg odor characterizes H,S in
low concentrations. Some people can detect the gas by its odor at low
concentrations. Human health is affected through exposure to hydrogen
sulfide, by having irritating eyes and respiratory tract. Photophobia may
persist for several days as conjunctivitis, pain, lacrimation, coughing, pain
in breathing, pain in nose and throat. Repeated exposure causes headache,
dizziness and digestive disturbances. Collapse and death may result from

acute exposure to levels above 1000 ppm %22,

1.4. Water Pollution
Water pollution is of widespread national concern since different
industrial activities generate a large number and variety of waste products.

The problem of adequately handling of industrial waste waters is more


http://en.wikipedia.org/wiki/Melting_point

complex and difficult because industrial waste water vary in nature rating
from relatively clean rinse waters to waste liquors than are heavily laden
with organic or mineral matter or corrosive poisonous, inflammable or
explosive substances .

As a result of rapid industrial growth following World War 1I, the
amount of waste material generated by industries has increased manifold.
The treatment of removal of these contaminants from the natural systems
which they are released from has established into a special science,
involving chemical, mechanical and biological processes. Impure water
containing inorganic salts, organic compounds, microbial contamination
and turbidity disturbs the natural hydrologic cycle (water cycle). The
hydrologic cycle can be maintained by the removal of toxic chemicals by
many scientifically simple and sometimes complex technological methods.

Hydrologic cycle which is one of the most important and yet highly
unevenly distributed use of water with subsequent addition of contaminants
has been disturbing the environmental balance. To prevent this disturbing,
there are many techniques available for decontamination of waste water
with the aim of minimizing waste and toxicity rates. Thus, if these methods
are implemented correctly, development and growth can be sustained
without destabilizing the hydrologic cycle. Preventing an effluent from
entering into a large natural water source is the best option to control or
limit its impact followed by minimization of the contaminants in it @,

1.5. Waste water Treatment Methods

Techniques of organic and inorganic pollutants removal from aqueous
systems are very important due to their high toxic nature even at very low
concentrations. A wide range of methods are available for the removal of
organic and inorganic compounds from aqueous solutions. These
techniques includes ion exchange, microbial degradation ®**, chemical
oxidation and reduction, filtration, electrochemical treatment, cementation,

evaporation ®®, photo catalytic degradation ®”, ultrasonic degradation ),



enzymatic polymerization®, membrane separation (reverse osmosis) ©°,
solvent extraction Y precipitation and adsorption ¢

However adsorption methods were found to be more effective and
attractive due to their lower costs and the higher efficiency for pollutants
removal from waste water 2
1.6. Activated Carbon (AC)
1.6.1. AC Properties

AC has been the most efficient and commonly used adsorbent in water
purification all over the world ®*%). The reason that AC is such an
effective adsorbent material is due to its high surface area, porous structure,
and high degree of surface activity ®”®. AC is also highly inert, thermally
stable and can be used over a broad pH range ©.
1.6.2. Historical Use of AC

The use of carbon for water purification extends far back into history.
The Egyptians used carbonized wood as a medical adsorbent and purifying
agent ®. Ancient Hindus filtered their drinking water with charcoal “?. In
1901, scientists developed ways to synthesize AC from coal “V. AC was
first introduced industrially in the first part of the 20™ century, when
activated carbon from vegetable material was produced for use in sugar
refining, since then, AC has been used in many industries ©.
1.6.3. AC Application

There are many applications for activated carbon in different fields,
including separation and purification processes of gases and liquids “**°,
food and pharmaceutical industries “* *?. AC is also used as catalyst and
catalyst support “.
1.6.4. AC Efficiency

AC efficiency for removing a given pollutant depends on both its surface
chemistry and its adsorption capacity “®. The AC adsorption capacity is
usually attributed to its internal pore volume that may be distributed

throughout the solid as pores ranging in width from micro-pores to



macrospores %* “®_ When the pore size of the activated carbon is in the
range of the molecules, adsorption process will be enhanced and is
expected to be efficient ©%. Adsorption capacity of the finished activated
carbons also depends essentially on the type of the activation methods and
on the structural properties of the original precursor material “.

1.6.5. Precursors of the AC

Activated carbon is a relatively costly adsorbent ©9.

Therefore,
researchers are looking for new low-cost sources of AC. In addition to cost,
there are many reasons which should be taken into account while choosing
the precursors of activated carbon, such as abundance, purity,
manufacturing process and further application of the product "5,

Precursors of activated carbons are organic materials with high carbon
content 2. The most widely used carbonaceous materials for the industrial
production of activated carbons are coal, wood and coconut shell “+59,

Recently, many agricultural by-products have been used as sources for
activated carbon production ®> % *3 5% They have attracted considerable
attention because they are widely available “*, renewable sources and their
products give an economic gain “®. Also by choosing these precursors some
polluting wastes were removed from environment ©%.

Many agricultural by-products were used for activated carbon
preparation such as; peach stones ©°, apricot stones ©®, cherry stones

©7) date stones “*°¥ | waste apple pulp ©?, nut shells ", pecan shell ©?,

(61) (62)

walnut shells ©, almond shells ©?, oil palm waste ¥, rice husks ©*,

tea waste ©, coffee bean and grounds ©?, corncob ©®, cotton stalks ©” |
and olive waste “% 44 68.69),
1.7. Carbon Activation

In addition to the nature of the precursor, the activation process affects
carbon characteristics ¢” *Y. Different methods are used to prepare carbon
with good affinity for adsorption by developing excellent surface properties

and specific functionalities ®%. The main methods for the preparation of



activated carbons can be divided into physical and chemical
activations G" 073,
1.7.1. Physical Activation

The physical activation process involves two steps: firstly, is the
carbonization (so-called pyrolysis) of the carbonaceous precursor ® at
elevated temperatures (500-1000°C) under inert atmosphere in order to
eliminate oxygen and hydrogen elements as far as possible “9. Many of the
non-carbon elements, mainly volatiles, are removed during this process “*
>1.8.72) vielding a solid residue (char) with carbon content is considerably
higher than that of the precursor ®. High-porosity carbons can be obtained
only at high extents of char burn-off ?. The second stage involves thermal
activation of this char. Activation is a sequence process to enhance the char
porosity and to clean out the tar-clogging pores; thus increasing the total
surface area of the produced activated carbon “. The precursor and
preparation methods (activation) not only determine its porosity but also
the chemical nature of its surface, which consequently establishes its
adsorptive and catalytic characteristics. Activation can be done either
physically, chemically or by combination of both, known as physiochemical
method. Physical activation is the gasification of the resulting char with
activating agent such as carbon dioxide ©®, steam or air Y9 at high
temperatures (800-1000 °C) ©* % - developing a porous structure. The
most activating agent widely used is steam because at a given temperature,
the production has larger adsorptive capacity and wider pore size
distribution compared to that of produced by CO..
1.7.2. Chemical Activation

In comparison with physical activation, chemical activation has two
important advantages when a lignocellulose material is especially used as a
raw material. One is the lower temperature (400-500) °C at which the
process is accomplished making the process more economic compared to

physical activation. The other is that the yield of chemical activation is



relatively higher, since carbon burn-off char is not required ©" %70 The
formation of tar and other by-products is inhibited by the chemical
agent ° 7,
1.7.3. Operation of Chemical Activation

In chemical activation, the carbonaceous precursor is impregnated with
an activating agent. Carbonization and activation are carried out
simultaneously. The impregnated material is carbonized in an inert
atmosphere > 270 There will be a reaction between the precursor and the
activating agent used in activation, leading to developments in porosity ©7.

The chemical activating agents act by dehydration of the sample during
the chemical treatment stage and inhibit the formation of tar and volatiles
and thereby increase the product yield 7.
1.7.4. Activating Agents

The chemical groups found on an activated carbon surface are directly
attributed to the method of activation ®®, type and concentration of the

(74470 pyrolysis temperature “* 7, activation time ¢ ®

activating agents
and any additional treatment conditions “®. Chemical activation involves
impregnation of the raw material with chemicals that generally act as
dehydrating materials and promote the pyrolytic decomposition and the
formation of cross-links and inhibit formation of tar " .

Among the numerous activating agents the most widely used chemicals
are zinc chloride ® 7 and phosphoric acid ©?. These compounds are
considered more effective and less expensive activating agents €.

1.8. Surface Functional Groups of the Activated Carbon

The adsorption capacity of an AC is determined by the chemical nature
of its surface. The surface of activated carbons is heterogeneous and it
consists of faces of graphite sheets and edges of such layers. The edge sites
are much more reactive than the atoms in the interior of the graphite sheets;
chemisorbed foreign heteroatom, mainly containing nitrogen, hydrogen,

halogen and particularly oxygen, are predominantly located on the edges



®L) Oxygen in the surface oxides is bound in the form of various functional
groups. The surface chemical functional groups mainly derive from
activation process, precursor, heat treatment and post chemical treatment.
The surface functional groups can be classified into two major groups;
acidic groups consisting mainly carboxylic, lactones and phenols, and basic
groups such as pyrone, chromene, ethers and carbonyls Fig .(1-1) ©2.

In the case of liquid phase adsorption, the type of surface functional
groups influences the process to a large extent causing a change in
character of interactions between the solute molecules and carbon surface
®3.84) Thus, the acidic or basic complexes formed on adsorbent surface
determine the charge, the hydrophobicity, and the electronic density of the
graphite layers, explaining the differences of adsorbent activity towards
various substances.

An increase of adsorption is observed with the decrease of concentration
of acidic surface groups ® %) The increase of acidic surface function
groups reinforces the hydrophilic nature of carbonic and thus decreases its
affinity to non-polar organic compounds and conversely increases the
adsorption capacity for polar molecules ®®. On the other hand, basic
function groups lead essentially to hydrophobic carbons and display a
strong affinity for organic molecules which have a limited solubility in

water, like phenols ©",
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Fig. (1-1): Surface functional groups of the activated carbon

1.9. Carbon Nanotubes

Carbon nanotubes (CNT) rank among the most exciting new
developments in modern science and engineering. They have attracted
particular interest because they are predicted, and indeed observed, such
small dimensions as extremely high strength, lightweight, elasticity, high
thermal and air stability, high electric and thermal conductivity, and high
aspect ratio offer crucial advantages. The potential utility of carbon
nanotubes in a variety of technologically important applications such as
molecular wires and electronics, sensors, high strength materials, and field
emission has been well established ®2 %9,

In the past 10 years, carbon nanotubes witnessed significant progress in
both synthesis and investigations on their electrical, mechanical, and
chemical properties ®. This has been largely driven by the exciting science
involved and numerous proposed applications of carbon nanotubes due to
their unique chemical and electronic properties and nanometer sizes. Their

large length (up to several microns) and small diameter (a few nanometers)



result in large ratio of about 1000, so they can be considered a two-
dimensional structure (quantum wires) @92,

Carbon nanotubes regarded as another form of pure carbon are perfectly
straight tubules and their properties are close to those of an ideal graphite
fiber. These tubes seamless cylindrical tubes, it is consisting of carbon
atoms arranged in a regular hexagonal structure. It is considered as the
ultimate engineering material because of its unique and distinct electronic,
mechanical and material characteristics % %9,

1.10. Types of Carbon Nanotubes

Carbon nanotubes are classified into two main categories: single-walled
carbon nanotubes (SWCNT) and multi-walled carbon nanotubes
(MWCNT) depending on whether the tube walls are made of one layer
(graphene tubes) or more (graphitic tubes). lijima and co-workers ©®
discovery consists of mainly the graphitic multi-walled nanotubes. In the
mean time, CNT have emerged to be one of the most intensively
investigated nanostructure materials ©°.

1.10.1. Single Walled Carbon Nanotubes (SWCNT)

SWCNT are regarded cylindrical in shape and composed of singular
graphene sheet rolled in cylinder walls with diameters ranging from 0.4 to
3 nm. Their physical and chemical properties differ due to difference in the
length and diameter. It consists of two separate regions, with distinct
physical and chemical properties. The first is the side wall of the tube and
the second is the two hexagon cups ©”.

Three types of single wall carbon nanotubes are possible: armchair, zig-
zag and chiral nanotubes, depending on the way the two dimension
graphene sheets are rolled up. By rolling a graphene sheet into a cylinder
and capping each end of the cylinder with half of a fullerene molecule, a
fullerene derives tubule and one atomic layer is formed as shown in Fig.
(1-2). This direction in a graphite sheet and the nanotube diameter are

derived from a pair of integers (n, m) .
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Fig. (1-2): Schematic theoretical model for a single walled carbon nanotubes ©%

1.10.2. Multi Walled Carbon Nanotubes (MWCNT)

MWCNT, which are the most general case, are a group of concentric
SWCNT often capped at both ends with different diameters ranging from
several nanometers up to 200 nm Fig. (1-3). These concentric nanotubes are
held together by vander waals bonding. MWCNT form complex systems
with different wall numbers, structures, and additional features such as:
tips, internal closures within the central part of the tube. Compared with
multi walled carbon nanotubes, SWCNT are expensive, clean and difficult
to obtain; but they have been of great interest owing to their expected novel

electronic, mechanical, and gas adsorption properties .



Fig. (1-3): Theoretical model for multi walled carbon nanotubes ©®

1.11. Carbon Nanotubes Synthesis

Carbon nanotubes can be synthesized using different techniques
involving gas phase processes. These processes provide access to the high
synthetic temperatures required for carbon nanotubes production. Three
main methods are used to produce carbon nanotubes: the electric arc
discharge ©?, laser vaporization and chemical vapor deposition (CVD)
D Other techniques include electrolytic synthesis, solar production

method ..... etc. are being developed to find more economic ways of

producing the unique and novel materials.

1.12. Applications of Carbon Nanotubes

Carbon nanotubes have evoked much interest since their discovery in
1991, due to their small size and unique electronic, mechanical and thermal
properties. Many different applications have been proposed to exploit these

unique properties, including energy storage “®, molecular electronics %

103) g (100, 105)

, nano-probes ® nano sensor , nanotube composites and

nanotube templates ..... etc. ®% 1%,



1.13. Adsorption

The adsorption is usually associated with the transfer from a gas or
liquid to a solid surface, or any other transformation, the substance being
concentrated on the surface is defined as the adsorbate and the material on
which the adsorbate accumulates as the adsorbent such as charcoal, silica-
gel, zeolite, and porous clays %,

The reason for adsorption phenomenon is the existence of some
unsaturated forces on the adsorbent due to the incomplete coordination or
insufficient material surface particles, like the liquid or solid phase
adsorption which leads to saturate those forces on the adsorbent surface.

Decreasing in surface free energy (AG°) is occurred during the
adsorption process, and decreasing in entropy (AS°) at the surface that the
adsorption takes place, due to losing the degree of freedom possessed
before adsorption. The decreasing of free energy and entropy at the same
time will cause decreasing in heat content (AH°) according to the
thermodynamic relation (exothermic change) °”:

AG°=AH°-TAS°......... (1-1)

So single partial layer may be formed at the adsorbed surface and in this
case is called unimoleculer adsorption. Also multilayer may be formed at
the adsorbed surface and known as multimolecular adsorption. On the other
hand the penetration process of a particle in the phase of adsorbent is called
absorption and the process of absorption and adsorption process together
are called "sorption” @®. This process usually takes place on the porous
surface adsorbents. The enthalpy of this process is positive (endothermic
process), because the distribution inside the adsorbent needs energy “%%.

Adsorption is used in gas purification processes, such as in the removal
of sulfur dioxide from a stack gas, and as a means of fractionating fluids
which are difficult to separate by other separation methods. Oil and
chemical industries make extensive use of adsorption in the cleanup and

purification of waste water streams, and for the dehydration of gases.



However, the amount of adsorbate that can be collected on a unit of surface
area is small .Thus a porous adsorbent with a large internal surface area is
typically selected for industrial applications™?.

1.13.1. Types of Adsorption

The selection of an adsorbent includes a consideration of surface area as
well as the type of solute and solvent involved in the adsorption process,
since these relate to the types of forces (Vander Waals, dissociation,
neutralization, oxidation) that are formed between the adsorbate and the
surface, adsorption is described as either physical adsorption
(physisorption) or chemical adsorption (chemisorption) .

The primary difference between physisorption and chemisorption is the
nature of bond that is formed between the adsorbed molecule and the
adsorbent surface. Although chemical and physical adsorption are
characterized by different thermal effects, a clear line between the two
adsorption mechanisms does not exist. A large displacement of the
electrons cloud toward the adsorbent and the sharing of electrons often
result in about the same heat effects %19,
1.13.1.1. Physisorption

Physisorption results when the adsorbate adheres to the surface by
Vander Waals, forces and electrostatic forces between adsorbate and
adsorbent molecules. Although a displacement of electrons may exist,
electrons are not shared between the adsorbent and adsorbate. The quantity
of heat released for physisorption is approximately equal to the heat of
condensation physisorption is often described as a condensation process.
As expected, the quantity of material physically adsorbed increases as the
adsorption temperature decreases.

The nature of Vander Waals, adsorption it is possible to adsorb much
larger quantities which form layers several molecules in thickness or

result in capillary condensation as shown in Fig.(1-4) 2019,



1.13.1.2. Chemisorption

Chemisorption is characterized by a sharing of electrons between the
adsorbent and adsorbate which result in the liberation of a quantity of heat
that is approximately equal to the heat of reaction. Chemisorption involve
ionic or covalent bond formation between the adsorbate molecules and
the atoms of the functional groups of the adsorbent. Chemisorption
occurs only on specific active centers which may represent only a small
fraction of total surface. On this basis the maximum capacity of a
surface for a specific chemisorption is frequently much less than the
amount of adsorbate required to form a monomolecular layer as shown in
Fig.(1-4), and because the sharing of electrons with the surface,
chemisorbed materials are restricted to the formation of monolayer 2.
The quantity of adsorbate chemisorbed on surface increases with increased

temperature (1011,

() (b)
Fig. (1-4): The schematic representation of Physisorption (a)

and Chemisorption (b) processes.

1.14. Adsorption Isotherm

Adsorption equilibrium studies are used to determine the distribution of
adsorbate between the bulk fluid phase and the phase adsorbed on the
surface of a solid adsorbent. The equilibrium distribution is generally
measured at constant temperature and is referred to as an equilibrium

isotherm. A number of mathematical models has been proposed to describe



the adsorption process. In addition to monolayer and multilayer adsorption,
models have been developed to describe situations in which the adsorbate
occurs locally on specific sites; or is mobile over the surface of the
adsorbent. Consideration has also been given to cases in which adsorbed
molecules interact not only with the surface but also with each other 9.
1.14.1. Langmuir Equation

The Langmuir isotherm equation is the first theoretically developed
adsorption isotherm. It still retains an important position in physisorption as
well as chemisorptions theories. The American scientist I. Langmuir
derived this equation based on following assumptions 9.

1. All the sites of the solid have the same activity for adsorption.

2. There is no interaction between adsorbed molecules.

3. All of the adsorption occurs by the same mechanism, and each

adsorbent complex has the same structure.
4. The extent of adsorption is no more than one monomolecular layer
on the surface.
The Langmuir equation is frequently expressed in terms of the weight of
adsorbate on the surface and concentrations other than pressure .
g: 1 +Ce
Qe QoKL Qo

Where:

Ce: is the equilibrium concentration of the adsorbate (mg/L)

Q.. The amount adsorbed per unit mass of adsorbent at equilibrium (mg/g).
Q, and K_ (L.mg?): Langmuir constants which correspond to the
maximum adsorption capacity (mg/g) of adsorbent and energy of
adsorption, respectively.

1.14.2. Freundlich Equation

It describes equilibrium on heterogeneous surfaces and hence does not

assume mono layer capacity “*¥. The well-known logarithmic form of the

Freundlich isotherm is given by the following equation:



LogQ.=logKs+1/nlogC, .......... (1-3)
Where:

C. is the equilibrium concentration of the adsorbate (mg/L), Q. is
the amount of adsorbate per unit mass of adsorbent (mg/g), K and n are
Freundlich constants with n giving an indication of how favorable
the adsorption process. Kr is related with adsorption capacity of the
adsorbent. The slope (1/n) ranging between 0 and 1 is a measure of surface
heterogeneity, becoming more heterogeneous as its value gets closer to
zero % A value for (n) less than one indicates a normal Freundlich
isotherm, while (n) above one is indicative of efficient adsorption **.
1.14.3. Temkin Equation

The linear form of Temkin isotherm is expressed as.

Q.=BLnA+BLnC,......... (1-4)
This model was obtained with consideration of adsorption interaction and
adsorption substances which was attained by designing diagram Ln C,
based on Q. enables the determinations of the isotherm constants A and B.
Mehdi and et. al. ™, observe that there is an accessible competition
between this model and Freundlich model.
1.15. Ultrasonic Cavitation - Sonication

Ultrasound is a term used to describe sound energy at frequencies above
the range that is normally audible to human beings (i.e.>16 kHz). At its
upper limit ultrasound is not well defined but is generally considered as
5MHz in gases and 500MHz in liquids and solids which are subdivided to
reflect applications. The range 20 to 100 kHz (though in certain cases up to
1 MHz) is designated as the power ultrasound reason, while the frequencies
up to 1 MHz are known as high frequencies or diagnostics frequencies .

Sound is composed from longitudinal waves comprising rarefactions
(negative pressures) and compressions (positive pressures). It is these
alternating cycles of compression and rarefaction that, in high power

ultrasonic applications, can produce a phenomenon known as “cavitation”.



Cavitation is the formation, growth and collapse of bubbles in the liquid
(18) This process occurs whenever a new surface, or cavity, is created
within a liquid. A cavity is any bounded volume, whether empty or
containing gas or vapor, with at least part of the boundary being liquid. The
collapse of the bubbles induces localized supercritical conditions: high
temperature, high pressure, electrical discharges, and plasma effects. It has
been reported that the gaseous contents of a collapsing cavity reach
temperatures of 5000 °C, and the liquid immediately surrounding the cavity
reaches 2100°C. The pressure is estimated to be 500 atmospheres, resulting
in the formation of transient supercritical water. Thus, cavitation serves as a
means of concentrating the diffuse energy of sound into micro reactors.
Even though the local temperature and pressure conditions created by the
cavity implosion are extreme, as one can have good control over the
sonochemical reactions. The intensity of cavity implosion, and the nature
of the reaction, are controlled by such factors as acoustic frequency,
acoustic intensity, bulk temperature, static pressure, and the choice of
liquid or dissolved gas. The consequences of these extreme conditions are
the cleavage of dissolved oxygen molecules and water molecules (into "H
atoms and ‘OH radicals). From the reactions of these entities ('O, 'H, ‘OH)
with each other and with H,O and O, during the quick cooling phase, HO,’
radicals and H,O, are formed. In this molecular environment, organic
compounds are decomposed and inorganic compounds are oxidized or
reduced 19,

Ultrasound has been widely known to induce radical reactions.
Considerable interest has been shown in the application of an innovative
treatment for hazardous chemical destruction, including the degradation of
volatile organic compounds based on the use of ultrasound. Although
ultrasonic irradiation is employed in a variety of industrial processes
(including welding of metals, homogenization of emulsions, dispersion of

paints, cleaning and degreasing, synthesis of chemicals, catalysis, improved



extraction, crystallization, modification of enzyme and material processing
(120) the chemical effects of ultrasound derived from acoustic cavitation
(i.e. the formation, growth and implosive collapse of cavitation bubbles in
liquid) cannot result from a direct interaction of sound with molecular
species 2" 2 These phenomena lead to sonolytic splitting of water as
well as pyrolysis of a vaporized molecule .

Figure (1-5) shows that liquids irradiated with ultrasound can produce
bubbles. These bubbles oscillate, growing a little more during the
expansion phase of the sound wave than they shrink during the
compression phase. Under the proper conditions these bubbles can undergo
a violent collapse, which generates very high pressures and temperatures
(cavitation). The compression of cavities when they implode in irradiated
liquids is so rapid that little heat can escape from the cavity during
collapse. The surrounding liquid, however, is still cold and will quickly

quench the heated cavity .
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Fig. (1-5): Growth and implosion of cavitation bubble in aqueous solution

with ultrasonic irradiation ‘2%

In aqueous phase sonolysis, there are three potential sites for

sonochemical activity, namely:



(1) The gaseous region of the cavitation bubble where volatile and
hydrophobic species are easily degraded through pyrolytic reactions as well
as reactions involving the participation of hydroxyl radicals with the latter
being formed through water sonolysis:

H,0 - H + OH

(2) The bubble-liquid interface where hydroxyl radicals are localized
therefore, radical reactions predominate, while, pyrolytic reactions may be
at less extent.

(3) The liquid bulk where secondary sonochemical activity may take place
mainly due to free radicals that have escaped from the interface and
migrated to the liquid bulk. It should be pointed out that hydroxyl radicals
can recombine yielding hydrogen peroxide which may, in turn, react with
hydrogen to regenerate hydroxyl radicals .

OH+ OH — H;0;

H,O, + H —-H,0 + OH’

Table (1-3): Advantages of sonication %

No. Advantages

1 | Able to treat very toxic wastes at mild conditions.

Environmentally friendly technology using only electricity as a reactant.

The energy consumption depends on the chemical oxygen demand (COD).

The sono- treatment can be simply stopped by switching the power off.

Cost effective and safe.

Even effluents with low conductivity can be treated.

<N | | B~ W] DN

Sonochemical synthesis of chemicals

1.16. Literature Survey
The literature contains many research works concerning activated

carbon, which may include source of the feed stock, the nature of




carbonization process, and type of activation carbon which are given as
follows:
A. O’Grady and Wennerbery “?” prepared activated carbon having
exceptionally high surface area over 2500 m?/g and extraordinary
adsorptive capacities. Carbon is made by a direct chemical activation in
which petroleum coke and other carbonaceous sources are reacted with
excess KOH at 400-600°C. Massoud, et. al.*?® produced low-cost
adsorbent carbons from Illinois coal and evaluate the suitability of these
materials for natural gas storage. Granular (20-100 mesh) activated carbons
were produced by chemical activation with H;PO,4 The product was
characterized for its BET surface area, micropore volume, bulk density, and
gravimetric-volumetric methane adsorption-storage capacities. Gracia, et.
al.*® prepared activated carbon from mixing pine wastes with KOH in a
pilot gasifier, without any previous treatment. They employ different alkali-
char ratios varied from 1:1 to 1:4 at 725-800°C. After the activation
process, the sample was cooled under liquid N, and washed sequentially
five times with (5%) NH4CI and finally with distilled water till neutral
litmus paper is indicated. Then the sample dried at 110°C for 24 hour.
Aweed ©? prepared activated carbon from residual petroleum products
such as that of Qaiyarah heavy crude oil (S about 7.45%) by employing
direct oxidation with and/or by using certain type of catalysts (CoCl,,
ZnCl, and FeCl3) at 350°C. Activation of the carbon after oxidation carried
out at about 550+25°C by using different percentage of KOH. Catalysts
used in the research (CoCl, & ZnCl,) give a good result but not as the same
as that of FeCls. Prinsloo and Jager “*" prepared activated carbon by the
chemical and physical activation. Coke precursors (uncalcined) produced
from waxy oil and medium temperature pitch were activated between 0.5 &
9 base coke ratio, 600-800°C heat treatment temperature, 1.5 and 12 hr.
heat treatment time . All activation and cooling cycles were carried out

under a constant flow of nitrogen. Kim, et. al.**? prepared activated



carbon from rice husks by heating at a rate of 5°C up to 700°C and
maintaining at 700°C for 2 hrs. The carbons obtained were subsequently
activated at temperature between 750 and 900°C in a steam of moisture
containing nitrogen.

Aweed 39

production of activated carbon by using different types of
agricultural residues (sunflower shell, cocount shell, peanut shell, harvest
hay and dates stones) by using excess amount of sodium hydroxide at
550°C for 3 hr. Rhamadhan, et. al. ® prepared activated carbon from
(Beje asphalt) using several percentage of V,0s and in the presence of a
stream of air or oxygen at 350°C for 3 hrs. Carbonization and activation
were conducted at 550+25°C for 3 hrs. using excess NaOH. Al-Ghanam,

| (135)

et. a prepared activated carbon from (Heet asphalt) using several

percentage of poly ethylene in the presence of air at 350°C for 3 hrs. and
then completed the carbonization and activation at 550+25°C using excess
NaOH. Al-Ghanam, et. al. “*® prepared activated carbon from heavy
petroleum residue using chemical treatment. The activity of carbon was
performed through adsorption of acids in aqueous. Al-Ghannam, et. al.*")
prepared activated carbon from Qaiyarah crude oil by chemical treatment
and studied adsorption of some organic acids from aqueous solution at
room temperature. Gonzalez-Serrano “*® showed that activated carbons
with high BET surface area and a well-developed porosity have been
prepared from pyrolysis of H3PO, impregnated lignin precipitated from
Kraft black liquors. Impregnation ratios within the range of 1-3 and
activation temperatures of 623-873 K have been used, giving rise to
carbons with different porous and surface chemical structure. Increasing
the activation temperature and the impregnation ratio leads to a widening of
the porous structure with a higher relative contribution of mesoporosity.
Ichcho, et. al. ™ studied the use of Moroccan oil shale for the
preparation of adsorbents by chemical activation with phosphoric acid. The

results indicate that this material is promising for this application. The



effect of different conditions of preparation on the yield and surface area is
discussed. These parameters are H;PO, shale weight ratio, carbonization
temperature, carbonization time and concentration of HsPO,. Hamdon, et.
al.%“? prepared activated carbon using oxidation condensation process and
chemical treatment. The activated carbon was irradiated by gamma rays for
different periods of time. The activity of activated carbon was studied by
iodine number, methylene blue, density, ash content and humidity
before and after irradiation.

Dusart, et. al. ®*" studied adsorption of some amino acids on
commercial activated carbon. Robabukhova, et. al.**? studied adsorption
of ethanol and butanol from aqueous solution on activated carbon.
Al-Hyali, et. al. ™ have studied the adsorption of aromatic carboxylic
acids and their relation to concentration, temperature and pH using
activated carbon (commercial grade).

Punjaporn, et. al. ™ studied removal of benzene from waste water
using aqueous surfactant two-phase extraction with cationic and anionic
surfactant mixtures. Valente, et. al. ** studied removal of phenol onto
novel activated carbons made from lingo cellulosic precursors: Influence of
surface properties. Chen, et. al.**® studied adsorption of methyl tert-butyl
ether using granular activated carbon and equilibrium, Kinetic analysis.
Muftah, et. al.**” studied removal of phenol from petroleum refinery waste
water through adsorption on data-pit activated carbon. Sze and Mckay ®*
studied an adsorption diffusion model for removal of para-chlorophenol by
activated carbon derived from bituminous coal. Salman, et. al. ™ studied
batch and fixed-bed adsorption of 2, 4-dichlorophenoxy acetic acid onto oil

palm frond activated carbon. Natalia, et. al.®>”

studied high performance
activated carbon for benzene-toluene adsorption from industrial waste
water. Nourmoradi, et. al.*®® studied removal of benzene, toluene,

ethylbenzene and xylene (BTEX) from aqueous solutions by



montmorillonite modified with nonionic surfactant: Equilibrium kinetic and
thermodynamic study.

B. lijima ®*? was the first who discovered the MWCNT in the soot of
negative graphite electrode produced by arc discharge. Ebbesen and Ajayan
(153) achieved growth and purification of MWCNT and found that these
nanotubes have diameters around 5-30 nm and lengths around 10um.
lijima's group as well as Bethune, et. al. *** found that the use of transition
metal catalyst in the arc discharge leads to nanotubes with only single shell.

Smalley's group @

grew SWCNT using laser ablation technique on
graphite rode.

Journet, et. al. ®® produced a large quantities of single walled carbon
nanotubes by an arc discharge under helium pressure (660 Torr) between
two electrodes of a graphite in which a hole in anode electrode had been
drilled and filled with a mixture of metallic catalyst (Ni-Co, Co-Y, or Ni-
Y) and graphite powders. The products were characterized by SEM, TEM,
XRD and Raman spectroscopy analysis.

Zeng, et. al. ®” produced various forms of nanotubes by activated
carbon arc discharge at low Helium gas pressure (140 Torr). They were
showed that no nanotubes present in the soot and nanocapsul, carbon cone
shape nanotube and the carbon toroidal nanotube which has a small length
to diameter ratio. Kazaoui, et. al. **® noticed that the optical absorption
spectra of single-walled carbon nanotubes at peak 0.68 eV is attributed to
the interband optical transition in semiconducting nanotubes.

Park, et. al. ** purified multi-walled carbon nanotubes, prepared by
electric arc discharge, through thermal annealing in air. The annealing
apparatus consisted of two quartz tubes, whereby the inner tube, which
contained the MWCNT, was simply rotated by the outer tube. The samples
were annealed at 1033 K under ambient air with supply of sufficient
amount of oxygen. Lee, et. al. “®? investigated large-scale synthesis of

carbon nanotubes by plasma rotating arc discharge at helium pressure (500



Torr). The carbon nanotubes were formed by the condensation of high-
density carbon vapor transferred out of the plasma region by the centrifugal
force generated by the rotation of the electrodes.

Yu, et. al. ® used coal or coke as source materials, to synthesize of
carbon nanotubes, by plasma arcing technique. The use of coal for carbon
nanotubes production over other materials may be more advantageous,
because coal is cheap and abundant weak bonds in coal macromolecular
structure may lead to more effective synthesis of nanotubes. Debasis, et. al.
(162) synthesized CNT filled by Palladium nanoparticals using arc-discharge
technique and show that the indexed diffraction pattern confirmed that the
peak corresponding to carbon binding energy lie at 0.2846 eV.

Ambrosio, et. al. ®*¥ grew MWCNT by CVD technique. They presented
an investigation that the films have important photonic effect as a function
of the wavelength in a large spectral interval (200-1800) nm.
Yusa and Watanuki “®” examined the structural of multi walled carbon
nanotubes powder under various hydrostatic pressure compressions using
X-ray diffraction pattern at room temperature.

Pekker, et. al. ™ evaluated wide-range nanotube spectra in the near
infrared, visible, mid and far infrared spectral region. They found that the
far-infrared part of the spectrum is a more sensitive indicator of metallic
tubes than in the visible peak. Hicks, et. al. “®® had fabricated diode
SWCNT devices using Au and Al, as the asymmetric metal using chemical
vapor deposition (CVD) process.

Also, Roy, et. al. “®" investigated the structure and composition of
carbon nanotubes grown by arc-discharge technique using X-ray diffraction
and x-ray photoelectron spectroscopy (XPS). They found a sharp
diffraction peak corresponding to (002) for graphite powder and a fine line
of binding energy of carbon equal to 0.285 eV from XPS measurements.
Liao, et. al.*®® studied adsorption of resorcinol from water using multi-

(169)

walled carbon nanotubes. Yang and Xing studied adsorption of fulvic



acid by carbon nanotubes from water. Arasteh, et. al.*’® studied adsorption
of 2-nitrophenol by multi-wall carbon nanotubes from aqueous solutions.
Su, et. al."? studied adsorption of benzene, toluene, ethylbenzene and p-
xylene by NaOCIl-oxidized carbon nanotubes. Yu, et. al.*’™ studied
adsorption of toluene <ethylbenzene and m-xylene on multi-walled carbon
nanotubes with different oxygen contents from aqueous solutions. Yao, et.
al.%" studied equilibrium and kinetic of methyl orange adsorption on
multi-walled carbon nanotubes. Bina, et. al.*”® studied removal of benzene
has been investigated with highly significant approach using carbon
nanotubes. Donglin, et. al. ™ studied the adsorption of methyl orange dye
(MO) on MWCNT from aqueous solutions and the effects of temperature,
stirring speed, MO concentration and MWCNT mass on MO adsorption.
The results showed that the MO adsorption increased with its concentration
and temperature in the aqueous solutions. The MO removal from the
solution increased as MWOCNT mass increases. The Kinetic study
demonstrated that MO adsorption on MWCNT was in a good accordance
with the pseudo-second order kinetic model.
C. Many reports in the literatures have noted that a number of toxic or
hazardous industrial chemicals could be destroyed by this novel technique.
Following are some of the literatures:

Maezawa @™

studied the utilization of ultrasonic energy in a
photocatalytic oxidation process for treating waste water containing
surfactants. Kulkarni “"® has also concluded that the photocatalytic action
with the ultrasound has resulted in higher degradation rates of the
contaminants. This is due to the mechanical effects of cavitation involving
photocatalyst surface cleaning and increased mass transfer of the polluting

species to the powdered catalyst surface. Selli @'

reported that
photocatalysis and sonolysis exhibit the synergistic effects in the
degradation of organic acid in agueous suspensions, when low ultrasound

frequency is used. A comparative study between the sonolytic, photocatalytic



and sonophotocatalytic oxidation processes of aqueous solutions of
malachite green was also carried out by Perez, N.J. and Herrera, M.F.
showed the same results that the highest degradation was achieved in case
of sonophotocatalytic treatment.

Vajnhandl and Marechal “"® in their paper reviewed some fundamentals
of ultrasound, its broad applications and gathered some new research
regarding its applications in textile wet processes, with the emphasis on
textile dyeing and the decolorization- mineralization of textile waste
waters.

Zeng and James ™ studied the degradation of pentachlorophenol (PCP)
in aqueous solution by audible-frequency sonolytic ozonation. The first-
order rate constant of PCP degradation by ozonation with sonication was
found to be 15 times faster than that with bubbling ozone alone, while the
rate constant with mechanical stirring was only four times faster. The
hybrid effect of the irradiation by light and ultrasonic waves in conjunction
with H,0, was first confirmed to achieve the complete mineralization of
propyzamide by Yano, et. al. ‘%,

A lot of research has been done on this technology in the recent years for
the degradation of compounds like phenols and substituted phenols, alkyl
halides, aromatics halides, substituted halides, inorganic chemicals, dyes,
herbicides and pesticides etc. this treatment technology shows that it has
potential for the degradation and mineralization of these recalcitrant
compounds.

The degradation of malachite green (MG) in water by means of
ultrasound irradiation and its combination with heterogeneous (TiO,)
photocatalysis was investigated by Berberidou, C. “®V. Eighty-kilohertz of
ultrasound irradiation was provided by a horn-type sonicator, while a 9 W
lamp was used for UV-irradiation. The extent of sonolytic degradation
increased with increasing ultrasound power and decreasing initial

concentration.



Selli ®® worked on the rate of 1, 4-dichlorobenzene (1,4-DCB)
degradation and mineralization in the aqueous phase either under direct
photolysis or photocatalysis in the presence of TiO,, or under sonolysis at
20 kHz with different power inputs. Photocatalysis ensured faster removal
of 1,4-DCB with respect to sonolysis and direct photolysis. The highest
degradation and mineralization rate was attained with the combined use of
photocatalysis and sonolysis, i.e. under sonophotocatalytic conditions.
Mahvi “® studied application of ultrasonic technology for water and waste
water treatment. Qusay, et. al.®® studied treatment of petroleum refinary
waste water by ultrasound-dispersed nanoscale zero-valent iron particles.
Xikui, et. al. ™ studied kinetics and mechanism of ultrasonic degradation
of p-nitrophenol in aqueous solution with CCl, enhancement. Meral and
Gonul “®® studied the sonolytic degradation of butyric acid and the effects
of the ultrasonic power, the initial concentration of butyric acid, and the
addition of H,O, on the degradation of butyric acid. The results showed

that the degradation of butyric acid increased with irradiation time.



1.17. Aim of Present Work

The main objective of this research is to explore and identify the use of a
novel adsorbent to remove benzene, o-xylene, and sulfide from industrial
waste water by adsorption onto activated carbon produced from fuel oil
waste as the adsorbent and to evaluate a new circulating system and using it
for water purification.
The novelty of our work can be restricted in the followings:

A- Synthesize a new MWCNT by ultrasonic probe technique of
activated carbon synthesize from fuel oil wastes and to determine the
optimum conditions for their preparation.

B- The purification system with more efficient and low cost of the first
step is an unusual.

C- Using by-products of fuel oil coming from power plant as a source of
carbon.

D- Using a new system in circulating processes to reach adsorption
equilibrium in agqueous solutions.

E- The rules of environment cleaning



CHAPTER TWO

2. Materials & Methods
2.1. Chemical Materials
The following chemicals were used in this study (Table 2-1).
Table (2-1): The chemicals used in this study

No. Materials Formula Puor/(i)ty Supplier From
1 Benzene CeHs 99.5 Aldrich
2 O-xylene CoHa(C 99 Aldrich
Hs)2
3 (Z;Qﬁycd:‘éﬂrs')de ZnCl, 98 Aldrich
4 Hydrochloric Acid HCI 36 BDH
5 Sulfuric Acid H,SO, 98 BDH
6 Silver Nitrate AgNO; 99.5 Fluka
7 Sodium Nitrite NaNO, 98 GCC
8 Sodium Hydroxide NaOH 99 Fluka
9 Calcium Hydroxide Ca(OH), 99.5 BDH
10 Sodium Sulfide Na,S 98 BDH
11 Silica Gel SiO; 99 BDH
12 Sodium Chloride NaCl 99.5 BDH
13 Nitric Acid HNO; 68 BDH
Mettler-
14 Buffer Powder pH = 7 - - Toledo
(Switzerland)
15 Ethanol C,HsOH 99.98 GCC
16 Glass Wool - - Fluka




2.2. Instruments and Apparatus

The following instruments and apparatus were used in this study
(Table 2-2).

Table (2-2): Instruments and apparatus used in research

No. Instruments Productive Company Source

1 | Field Emission Scanning FEI Nova Nano-SEM | Netherlands
Electron Microscopy (FE-SEM) 450

2 | Transmission Electron Libra 120-Carl Zeiss| Germany
Microscopy (TEM)

3 | Atomic Force Microscope Advanced Angstrom USA
(AFM) Inc.

4 | High Resolution X-Ray P analytical Company | Netherlands
Diffraction (HR-XRD)

5 | Ultrasonic Probe Sonicators USA

6 | Surface Area Analyzer Thermofinnigan - Co. US.A

7 | Fourier Transform Infra-Red _
Spectrophotometer ( FTIR) Shimadzu apan

8 | UV-Visible Spectrophotometer Shimadzu Japan

9 | Muffle Furnace Carbalate UK

10 | Electrical Oven Memmert Germany

11 | pH-Meter Mettler-Toledo China

12 | Vacuums Pump Barhant Company CE | Germany

12 Cleveland Open Cup Flash and Chrom Tech US.A
Fire Points Tester

14 | Thermostated Shaker Water Bath Daiki Korea

15 | Water Bath GFL Germany

16 | Sensitive Balance Sartorius Germany

17 | Hot Plate with Magnetic Stirrer Stuart Scientific UK

18 | Centrifuge Hermle Germany




No. Instruments Productive Company Source
19 | Peristaltic Pump ISCO USA
20 | Heating-Mantle ERS E.E.C.
21 | Water Distillator GFh Germany
22 | Desiccators - England
23 | Homogenizer - India
24 | Blender Glassco India
25 | Ice Maker Scotsman AF100 Italy

2.3. Physicochemical Properties of Fuel Oil
Physicochemical properties of fuel oil wastes are shown in Table (2-3).

Table (2-3): Physicochemical properties of fuel oil wastes

Property Value
Density (g/cm®) 0.855
Flash Point 170 °C
Fire Point 196 °C
Liquid Condensed % 36
Distillation Point 52-104 °C
Boiling Point 325°C
Carbon % 10
Volatile Matter % 24.1
Un volatile Matter (wax) % 29.9

2.3.1. Distillation Point

The distillation tests give an indication of the type and the quality of the
products that can be obtained from waste degradation. The basic method of
distillation depends on characteristics of hydrocarbons and has an
important effect on safety and performance, especially in the case of fuels
and solvents (ASTM D-86) *®7).
2.3.2. Flash Point & Fire Point

The flash point is the lowest temperature at atmospheric pressure (760

mmHg, 101.3 kPa) at which application of a test flame will cause the vapor




of a sample to ignite under specified test conditions. The fire point (open
cup method) is also used for the determination of the fire point, the
temperature at which the sample will ignite and burn for at least 5 s,
(ASTM D-92, IP 36) ‘%9,
2.4. Multi Walled Carbon Nanotubes (MWCNT) Synthesis
2.4.1. Vacuum Distillation of Fuel Oil Residue

The samples of fuel oil residue were collected from the power plant in
Ramadi area, Iraq. The samples were placed under low pressure of 20
mmHg, heated at a range of 280-325 °C to remove volatile substances and
to get riding of additional quantity of liquid ingredients in waste oil and to
ensure an increase of the density of carbon from fuel oil wastes. The
refining operation was done by using laboratory apparatus as shown in Fig.
(2-2) and Image (2-1). Distillation process continues reaching a highly dense

mass, and becomes like solids.

1- Vacuum pump
2- Heating — mantle 1
3-Three- necked flask
4-Thermometer

5-Condenser
6-Stand-with-Clamp
7-Receiving flask
8-Water bath
9-Silicon tubes

10- Traps
11-Vacuum pump
12- Rubber

Fig. (2-2): Schematic diagram of vacuum distillation for the preparation of
carbon from heavy fuel oil residues



Image (2-1): Apparatus used in vacuum distillation for the preparation of

carbon from heavy fuel oil residues
2.4.2. Preparation of Activated Carbon
1- Primary Carbonization

Certain weights of the waste of the solid product of last step were taken

and soaked with 20% (w/w) anhydrous zinc chloride ratio of 1:2. The

mixture was heated at a temperature of 70 °C gradually with continuous
stirring for two hours by homogenizer and left standing for (48) hours and
then transferred to step (2).
2- Final Carbonization and Activation

The produced materials burned at a temperature of 400-500 °C in the
muffle furnace under atmospheric pressure for two hours and then the
sample was cooled to room temperature.
3- Purification of Activated Carbon

The sample washed with (0.1) M of hydrochloric acid, filtered and then
washed with distilled water several times in order to eliminate the content
of inorganic materials in the resulting carbon samples. To ensure the
removal of chloride ion a solution of (0.1) M of silver nitrate was added
drops to the filtrate once the turbidity disappears that indicate the total



removal CI” ion. The activated carbon was dried at 110-120 °C for 24 hours
and then cooled, grinded, passed through sieves of (16-20) mesh and stored
at desiccators.

2.4.3. Preparation of MWCNT by Sonication Probe

MWCNT prepared by a sonication technique which is performed in a
probe-type operating at a fixed frequency of 22 kHz, amplitude of 100 um
and a power value of 100 W. Weight of 0.1g activated carbon sample was
placed in 250 ml vessel containing 100 ml of deionized water. Samples
were placed in thermostated circulating water bath at 25 +1 °C during
sonication for (1, 2, 3, 4 and 5) hr. Then the solution was centrifuged for 15
min at 6000 rpm, dried at 110-120 °C for 24 hr.

The synthesized materials were purified as follows. In order to obtain
pure MWCNT, and removing the metal catalysts, the products were
dissolving in 10% HCI solution for about 16 h at room temperature. Then
the samples were washed several times with deionized water. In order to
achieve extra purification, the prepared materials were dissolved in 5 M
nitric acid for 3 h at 70 °C. After that, the washing step was repeated as
mentioned above for the HNO; treatment process. Treated MWCNT were
dried at 120 °C. In order to eliminate non-carbon elements, all of the
purified materials were placed in the furnace at 400 °C for 30 min, cooled
in a desiccator and then identified using FE-SEM, TEM, AFM, XRD and
FT-IR.

2.5. Activated Carbon Characterization
A. Measurements of pH

The pH value of prepared activated carbon was determined by mixing
1.0 g of sample with 10 ml distilled water then shaked for 30 min, the
solution was filtrated at room temperature and then measured by pH-meter.
B. Determination of Ash Content

The ash content was estimated by weight 1.0 g of activated carbon to

crucible, heated in muffle furnaces at 1000 -1100 °C for three hours, cooled



in a desiccator. The remaining samples after combustion were supposed to
be ash content then the percentage was calculated “%9.
C. Measurement of Moisture

Moisture content was measured by heat 1.0 g of prepared activated
carbon in an oven at 150 °C for four hours then cooled in a desiccator. The
weight difference before and after heating was calculated “*%.

D. Measurement of Density

The density of the prepared activated carbon was determined by weight
10 cm® of the carbon sample using graduated cylinder and the density was
calculated @Y,

Density (g/cm®) = mass/volume
E. Surface Area

This measurement is based on the continuous flow method. For The
Brunauer, Emmet and Teller (BET) surface area analysis, a mixture of
nitrogen balance helium is passed through the reference channel of the
thermal conductivity detector (TCD) detector to the sample housed within
a flow-through glass cell and finally into the TCD analytical channel.
Signals produced by the TCD detector are collected by the microprocessor
control board, integrated and stored in the memory file.

The analytical procedure starts with the degassing of the sample with the
carrier gas at programmable temperature. When the sample is dried, the
operator simply transfers the sample holders to the analytical ports and fit
them into place by means of quick fit connectors. Pressing the start button
will automatically raise the liquid nitrogen flask carriage initiating the
analysis.

The Brunauer, Emmet and Teller (BET) equation®™? for determming
surface area is shown in its simplest form to be:

S, = K (1-P/P,) x V,
Where:

St = Total surface area of sample being analyzed



K = A constant for nitrogen, assuming conditions = 4.03
P/P,=0.294 for a gas mixture of 30% N, and 70% He
V. = Volume of gas (N,) adsorbed.

2.6. Benzene and O-xylene Solutions
2.6.1. Preparation of Solutions

A 1000 ppm stock solution of (benzene and o-xylene) was prepared by
dissolving 0.1 g of each compound in 100 g of distilled water in volumetric
flask, thereafter solutions of (300, 250, 200, 150, 100 and 50) ppm were
prepared by a subsequent dilution.

2.6.2. Determination of Maximum Wavelength (Amax)

To determine the wavelength of maximum absorption, an absorption
spectrum for each compound by using UV-Vis has been recorded at the
range (200-400) nm by using quartz cell of 1cm thickness (path length).
The spectra are shown in Figs. (2-3) and (2-4).

FES

)

Fig. (2-3): Maximum wavelength for benzene (204 nm)



Fig. (2-4): Maximum wavelength for o-xylene (215 nm)

2.6.3. Calibration Curve

The calibration curve was graphed at fixing the Amax obeying the (Beer-
Lambert law). Specific concentrations were prepared for each compound,
the absorption has been recorded and the calibration curves were plotted
between the absorption and concentration. The best line between points has

been drawn using least square method (Figs. 2-5 and 2-6).
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Fig. (2-5): Calibration curve for benzene
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Fig. (2-6): Calibration curve for o-xylene

2.7. Adsorption Studies
2.7.1. New Circulating System

The adsorption process was done by using a new circulating system as
described in Fig. (2-7) and Image (2-2). Five grams of activated carbon
sample have been placed in separator funnel (No.6) fitted to a three-necks
flask (No.5) containing 200 ml of solutions (benzene or o-xylene) with six
different concentrations (50,100,150,200,250 and 300) ppm at temperatures
of 283,293,313 and 333 K for 120 minutes using a thermostated water bath
(No.3). The equilibrium time was achieved by a recycling solution using a
peristaltic pump (No.4). To minimize the evaporation and contamination, a
cooling system (No.7) and a trap (No.2) were in contact along with a
cycling process. Four mL sample were taken for each 10 min from the
valve (No0.8). UV-Vis spectrophotometer has been used to measure the
absorbance for benzene and o-xylene at equilibrated solutions at certain
wavelength (204 nm) and (215 nm) respectively. The quantity of adsorbate

was calculated by using the following formula %%

Qe=Vso (Co-Co)/M .......... (2-1)
Where:



Q. = Quantity of adsorbate (mg/g).

Vs, = Total volume of adsorbate solution (L)

C, = Initial concentration of adsorbate solution (mg/L)

C. = Concentration of adsorbate solution at equilibrium (mg/L)
M = Weight of adsorbent (g)

While the percentage removal of solutions and equilibrium adsorption ge

(mg/g) was uptake, using the formula.
% adsorption Efficiency = (C, - C¢)/ C,x 100 ....... (2-2)

1-Vacuum pump 2- Traps 3- Water bath 4- Peristaltic pump 5- Three - necked flask
6- Separatory funnel 7- Cooling system (Condenser) 8- Control valve 9- Syringe
10- Rubber 11-Silicon tubes

Fig. (2-7): Schematic diagram of new circulation system for adsorption



Image (2-2): New circulation system for adsorption

2.7.2. Normal Equilibration

Determination of equilibration time for benzene, o-xylene adsorption on
MWCNT was done by shaking 5 ml of solutions at concentrations of
(50,100,150,200,250 and 300) ppm with 0.05 g of adsorbent at constant
temperatures of 283,293,313 and 333 K for 120 min. Sub-sample were
taken from each concentration at 10 to 120 min for kinetic studies and then
filtrated. UV-Vis spectrophotometer has been used to measure the
absorbance for equilibrated solutions at certain wavelength. The quantity of
adsorbate was calculated by using the above mentioned equations (2-1) and
(2-2).

2.8. Sampling for Sulfide

Sulfide samples were collected from Heet city-Al-Anbar area, Iraq and
stored in polyethylene bottles with highly fit leds to prevent any
evaporation and any contact with atmosphere.



2.8.1. Preparation of Standard Solution of Sulfide

A standard solution of 0.1 N was prepared by weight 0.305 g of Na,S in
volumetric flask of 50 ml using distillation water. The series of standard
solutions of (10°, 10®°, 10" 10° and 10%) N were prepared by a
subsequent dilution by using solution of sulfide anti-oxidant buffer (SAOB)
(20 g of sodium hydroxide with 10 g of sodium nitrite).
2.8.2. Calibration of Sulfide Electrode

Calibration curve for sulfide electrode was done by using standard
solution of sulfide ion containing (SAOB) for pH elevation of solution,
fixing ionic strength and preventing sulfide oxidation. The relation between

electrical potential and concentration was done as shown in Fig. (2-8)
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Fig. (2-8): Calibration curve for sulfide

2.8.3. Treatment for Sulfide Removal

The adsorption efficiency of carbon was determined by using sulfide
solutions and spring water containing sulfide with addition of SAOB by the
ratio of (1:1). Different ratios of sulfide solution and carbon sample were
determined by weight 0.05 g of non-activated carbon, activated carbon and
MWCNT at temperature of 298 K for (30, 60 and 90) min. Solutions were
shaked, filtrated and sulfide concentration was estimated by using sulfide

electrode.



2.9. Tools of Characterisations

The morphology and microstructure of MWCNT were investigated by
field emission scanning electron microscopy (FE-SEM), transmission
electron microscopy (TEM) and atomic force microscopy (AFM). A
structure evolution of the prepared MWCNT was examined by X-ray
diffraction (XRD). Fourier transforms infrared spectrometer (FT-IR) and
surface area.
2.9.1. Field Emission Scanning Electron Microscopy (FE-SEM)

FE-SEM is one of the most powerful tools used to investigate the surface
morphology of materials. It uses a field emission gun instead of typical
electron gun sources used in an SEM system. The electron beam passes
through electromagnetic lenses, focusing onto the sample, resulting in the
reflection of different types of electrons. The high-energy electrons
(backscattering electrons) are caused by the elastic collision in the deep
level inside the sample; whereas the secondary electrons are produced from
the inelastic collision on the sample surface or close to the surface “*. The
secondary electrons are then collected by the detector to obtain an image of
the sample surface. In addition, choosing the suitable accelerator voltage is
important to generate a high-resolution Image. (2-3) shows the schematic
of FE-SEM system. An FE-SEM system (FEI Nova Nano-SEM 450) was
used to study the morphology of the products Fig. (2-9).
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Fig. (2-9): Schematic diagram of FE-SEM system

Image (2-3): Field emission scanning electron microscopy system

2.9.2. Transmission Electron Microscopy (TEM)



The first transmission electron microscope was built in 1931 with a
magnification of 16x %), Afterward, extensive efforts have been exerted to
enhance the resolution of the transmission electron microscope. The
principle behind TEM is similar to that of SEM, except that under TEM,
the electron beam passes (transmits) through the specimen, requiring the
detector to be fixed behind the sample holder. The electron density
distributed behind the sample is focused on a fluorescent screen by lenses.
Several methods are used to obtain the images such as exposing the
photographic sensitive media. Given the strong interaction between the
electron beam and the atoms of the samples by elastic and inelastic
scattering, the specimen should be very thin, with thickness ranging from
5 nm to 100 nm “*®. Thus, the TEM sample should be in solution depots on
a Cu grid and allowed to dry before measurement. In our study, the
microstructure observation was performed using Libra 120-Carl Zeiss

transmission electron microscope Image (2-4).



Image (2- 4): Libra 120-Carl Zeiss transmission electron microscope

2.9.3. Atomic Force Microscopy (AFM)

The surface structures of the prepared MWCNT were investigated using
atomic force microscopy (AFM) (Nano-scope analysis) in a high-resolution
nanometer range. AFM consists of a cantilever with a sharp tip is brought
within close proximity of the sample, and scanned over it to map contours
of the surface. In the AFM the signal is provided by variations in the force
between the tip and the surface atoms Fig. (2-10). The most factors that
AFM main function depends on its the force between the tip (probe) and

the surface of the sample. The interaction forces between the tip and the



sample deflect the cantilever whenever the tip is near a sample surface,
which is depend on the distance between the sample and the probe, the
geometry of the tip, and the nature of the surface. The deflection is
typically measured by a laser spot reflected as an array of photodiodes on
the cantilever’s top surface. The laser light from a solid-state diode is
reflected back to the cantilever, and then collected by a position sensitive
detector (PSD). There are two types of AFM operation: the contact and the
non-contact mode. Although the non-contact mode has a lower resolution
than the contact mode, the former is not as destructive to the sample

surface as the former °7,

Cantilever

Sample surface

Fig. (2-10): Schematic diagram of the operation of an AFM ")

2.9.4. High Resolution X-Ray Diffraction (HR-XRD)

The structure evolution of the as-prepared MWCNT were examined by
high-resolution X-ray diffraction (HR-XRD) using X’Pert Pro MRD
diffractometer (P analytical company) system equipped with Cu-Ka-
radiation wavelength (A=0.15418 nm) operating at 40 kV and 30 mA . The

interaction between the X-rays and the sample crystal planes are elastica



scattering beam diffraction within the crystal structure of sample
compounds is controal by Braggs law Fig.(2-11) and Image (2-5).

Image (2-5): High resolution X-ray diffraction equipment



2.9.5. FT-IR Analysis
The products for (non-activated carbon, activated carbon, and MWCNT)
were characterized by fourier transform infrared to identify function

groups.

2.10. Removal of Organic Pollutant by Ultrasonic
2.10.1. Degradation Experiments

Aqueous benzene and o-xylene solutions of 100 ppm and 200 ppm were
prepared and used for degradation. Ultrasonic irradiation of the each
compound solutions were carried out continuously with sonicators at a
fixed frequency of 20 kHz Fig. (2-12). Samples of 100 ml for each
compound were placed in 250 ml conical flask and placed in water bath at
temperatures of (283, 293, 313 and 333) K under a sonication for 150 min.
Four milliliters samples were withdrawn every 10 min for kinetic study.
The amount of residual concentration of each compound in the solution
was measured at certain wavelength using a UV-Vis spectrophotometer.
The value of the absorbance obtained has been used to determine the
equilibrium concentration from calibration curve according to Beer-
Lambert law. The degradation percentage (% D) of each compound was

calculated as follows.

%D =(Co—Ce)/Cox100% ............ (2-3)

Where C, and C. are the initials and remained concentration of each

compound.
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Fig. (2-12): Experimental setup of ultrasonic probe

2.10.2. Measurements of pH

The pH value was determined using pH-meter from each compound
solution before and after degradation.
2.10.3. Qualitative Tests

Aromatics and aliphatics were identified. Ignition of aromatics produces
a smoky soot while the aliphatic give un smoky blue flame.

Nitration was used to distinguish between aromatic and aliphatic
compounds according to the following reaction

Ar-H + HNO; + H;SO,— Ar-NO, |+ H,0
1ml 1ml Yellow coloured compounds

The yellow coloured products indicate the aromatic type while the
disappearance of the colour reflects the aliphatic ones.
Detection of carbon dioxide produced from benzene and o-xylene after

oxidation via clear water-lime gave turbid in the presence of CO, according

to the equation.

CO, +Ca (OH) , —» CaCO; + H,0



2.11. Kinetics Study
2.11.1. Reaction Order and Rate Constant
Reactors are used primarily to determine the rate law parameters for
homogenous reactions. This usually achieved by measuring the
concentration as a function of time then using the differential or integral
method to determine the reaction order and reaction rate constant (k) 9.
The time-dependent experimental adsorption data are used for kinetic
modeling the experimental work. The model equations used for fitting the
data are:
e Zero order equation.
e 1% order equation.
e 2" order equation.
e Pseudo 1% order model (Lagergren equation).
2.11.2. Pseudo 1* Order Model (Lagergren Equation)

The pseudo 1% order equation is generally expressed as ?%%:
dat
d_(i =k(ge—qt) ......... (2-4)

k is the rate constant of pseudo 1% order sorption (min™)
After integration and applying boundary conditions fromt=0tot=tand
fromg;=0toq;=0q; Eq. (2-4) becomes

In(ge—qt) =Inge—kt ........... (2-5)

When the values of In (ge.-g;) non linear correlated with t, the plot of
In (ge -q¢) versus t will give a linear relationships from which k and g, can
be determined from the slope and intercept of the graph respectively.

2.12. Thermodynamic Studies
The thermodynamic parameters including changes in standard free
energy (AG®), standard entropy (AS°), and standard enthalpy (AH®) for

these adsorption processes are determined by using following equations
(201)



AG°=-RTInK ..., (2-6)
Where K is the thermodynamic equilibrium constant. The effect of
temperature on thermodynamic constant is determined by:
INK=AS°/R"—=AHY RT ........... (2-7)

Where AG® is the free energy change (kJ/mol); R is the universal gas
constant (8.314 J/mol K) and T (K) is the absolute solution temperature;

AH° change in enthalpy; AS° is the change in entropy.



CHAPTER THREE

3. Results and Discussion
3.1. Physical Properties

Carbon is a very important industrial product due to its uses in various
aspects of modern civilization. Some physical properties of the carbon

produced by this study were mentioned in Table (3-1).

1. Surface Area

The BET isotherm method was used including adsorption of nitrogen gas
to determine specific surface area. The surface area values of the resulting
carbon prepared from fuel oil waste impregnated with concentrations of
20% ZnCl, solution is given in Table (3-1). The results showed that these
values are equal to 399.75 m?/g compared to that of non-activated 72.32
m?/g. This value increases to reach a maximum value of 1050.4 m?/g at
MWCNT. These results indicated that MWCNT plays an important role in
increasing the surface area.
2. Density Measurement

The density of the MWCNT derived from fuel oil waste source was
0.4908 g/cm® as shown in Table (3-1). Therefore, less density is causing
greater pores and higher surface area.
3. Ash Content Determination

The prepared MWCNT has very low ash content 0.11% as shown in
Table (3-1) which indicates a high purity for MWCNT. High ash content is
undesirable for carbon since it reduces the mechanical strength and
adsorptive capacity @2,
4. pH Determination

The average value of pH of MWCNT are 3.79 indicates more acidic
compared with values of 6.15 and 5.53 for non-activated and activated
carbon respectively as shown in Table (3-1). The surface acidity is due to

the presence of carbon-oxygen surface chemical structures that have been



postulated as carboxyls and lactones. The activation process has increased
the surface area and porosity as well as the surface acidity of carbon.
5. Moisture Content Determination

It is known that permissible range of moisture content of carbon is less
than 10% “®. However the moisture content of MWCNT is 1.6% as

shown in Table (3-1) which indicates a very good property.

Table (3-1): Some physical properties of carbon samples used in the study

samples Su rfr?]%(/egarea [ge/;s;:gy Ash% oH Moi;:u re
MWCNT 1050.4 0.4908 0.11 3.79 1.600
AC 399.75 0.5384 1.23 5.53 1.433
N.A.C 72.32 0.5834 2.61 6.15 0.773

3.2. Surface Morphology of MWCNT

3.2.1. The Field Emission Scanning Electron Microscopy

The field emission scanning electron microscopy (FE-SEM) technique is
employed to observe the surface physical morphology of the MWCNT.
Images (3-1) shows a typical surface of MWCNT prepared from fuel oil
waste using ultrasonic probe with the uniform morphology. The MWCNT
can be clearly recognized without showing any preferred direction. The
individual MWCNT have a bamboo-like structure which is a typical feature
of relatively 30-40 nm in diameter. The MWCNT are well dispersed and
shows a sheet which is regarded as an entangled MWCNT network. The
MWCNT sheets have high flexibility and are not easily broken during
oxidation, washing and drying processes.
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Images (3-1): FE-SEM of MWCNT obtained by fuel oil waste preparation
using an ultrasonic probe technique (A) 100.000x (B) 200.000x (C) 400.000x

3.2.2. Transmission Electron Microscopy (TEM) Analysis

TEM is applied to analyze the particle size and structure of MWCNT.
Images (3-2) shows TEM of the synthesized MWCNT as a powder grown
by ultrasonic probe technique after purification.



(©)

Images (3-2): TEM of MWCNT obtained by fuel oil waste preparation using
ultrasonic probe technique with the diameter of MWCNT is around 20-30 nm
and different magnifications (A) 500 nm (B) 200 nm for group of tubes
(C) 200 nm for one tube
3.2.3. Atomic Force Microscopy (AFM) Analysis

The morphological characteristics of MWCNT have been studied using
atomic force microscope (AFM) to observe nanostructure. Images (3-3)
shows AFM present a two-dimensional and three-dimensional view of the

surface structure of the MWCNT. The images confirmed that the MWCNT



have a roughness surface and small tube diameter distribution. The average
tube of MWCNT is measured using AFM images. It can be observed that

the average tube distribution of 66.36 nm as shown in Figure (3-1).
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Fig. (3-1): The average tube distribution for MWCNT of diameter 66.36 nm
3.2.4. X-Ray Diffraction Analysis

X-ray diffraction may provide information about the structure of
MWCNT. Fig. (3-2) shows the XRD pattern of the prepared MWCNT,
which obtain that this powder is polycrystalline type with preferred (002)
plane at 26 = 26.228° and secondary peaks of (100), (123) and (113) at
28 = 31.589° 26 = 34.605° and 26 = 56.029° respectively. These peaks

identified to the reflection of hexagonal carbon structure. A fact confirmed



by using a standard card (No0.00-046-0943). The other diffraction peak
observed at 26 = 36.100° could be identified to the reflection from the
(101) plane of zinc oxide, confirmed by using a standard card (No.01-079-
0208) which may be exist in rov MWCNT material as activated. The
preferred MWCNT peaks of (002) appear as a wide peak which means that
the tube or grain size of prepared MWCNT is in the range of nanosize.
According to the Debye-Shrerre formula give grain size of 16 nm value for
the (002) direction. The grain size values obtained by XRD are agreed with
which found by SEM, TEM and AFM techniques.
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Fig. (3-2): X-ray diffraction patterns of MWCNT

3.2.5. Fourier Transform Infra-Red Spectrophotometer (FT-IR)

FT-IR spectroscopy is an important technique used in identifying
characteristic surface functional groups. The adsorption capacity of carbon
depends upon porosity as well as the chemical reactivity of functional
groups at the surface. The functional groups on the adsorbent surface are
identified by evaluating the spectra using available literature (@%2%)
(Fig. 3-3). The spectra showed that the peak at 3491 cm™ could be ascribed

to O-H stretching vibration of hydroxyl groups while the methylene group



is detected by C-H stretching at a wave number of 2877 cm™. The bands at
2000-2400 cm ™', 1639 cm ™, 1450 cm ™' and 1161 cm™' can be attributed to
C=C, C=C or C=0, CH, bend and C-O respectively. The peak at 1161 cm™"'
is usually assigned to C-O stretches in lactonic, ether and phenolic groups.
The band at 650-1000 cm™ is attributed to =C-H bend. Analysis of FT-IR
shows that the (-OH, C-H, C=C, C=0, C=C, C-C and C-O) groups

contribute to the surface of adsorbent.
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Fig. (3-3): FT-IR spectra of the prepared carbon



3.3. Removal of Pollutants by Adsorption Using Carbon
3.3.1. Equilibrium Adsorption
3.3.1.1. Benzene Removal

The isotherm of the benzene adsorption by synthetic non-activated
carbon (N.A.C), activated carbon (A.C) and MWCNT were represented by
applying the Langmuir, Freundlich and Temkin adsorption models. It was
found that the adsorption process on the synthetic activated carbon and
MWCNT fits very well with the isotherm models (Table 3-2).

The relations of equilibrium values of logQ. vs. logC., C./Q. vs. C, and

Qe vs. InC, for benzene adsorption isotherms using synthetic carbon
powder at different temperatures are shown in Figures (3-4), (3-5), (3-6),
(3-7), (3-8), (3-9), (3-10), (3-11) and (3-12) respectively.
The Freundlich linear isotherm is expressed in equation (1-3). This
isotherm is usually used in special cases for heterogeneous surface energy
and it is characterized by the heterogeneity factor 1/n. Q. is the equilibrium
value of benzene adsorbed per unit weight of synthetic activated carbon
and MWCNT powder, i.e. a liquid-phase sorbate concentration occurred at
equilibrium and Kg as the Freundlich constant. Freundlich constants are
shown in Table (3-2) while the relations are clearly indicated that the
Freundlich isotherm model fits the analyzed data according to its
correlation coefficients (R?). In general, the adsorption capacity of the
adsorbent increases as the K value increases. On the average, a favorable
adsorption tends to have Freundlich constant (n) between 1 and 10.

Larger value of n (smaller value of 1/n) implies stronger interaction
between the adsorbent and the adsorbate ®°”. From (Table 3-2) it can be
seen that (n) value is between (1.767-5.587) showing favorable adsorption
of benzene onto the MWCNT as compared to that of activated carbon and
non-activated carbon.

The synthetic non-activated carbon, activated carbon and MWCNT

powder takes up benzene on a heterogeneous surface by multilayer



adsorption as described by Langmuir. However, the Langmuir linear
isotherm is expressed in equation (1-2). Where Q, is the maximum amount
of adsorption corresponding to complete monolayer coverage and K is the
Langmuir constant. The fitting of adsorption data to Langmuir isotherm
equation is investigated by plotting C./Q. versus C.. The result shows linear
relationship between them as stated in Figure (3-7) for MWCNT as
compared to that of benzene adsorption capacity on activated carbon and
non- activated carbon (Table 3-2).

Negative values of activated carbon and non-activated carbon for
Langmuir isotherm constants indicate the inadequacy of the isotherm
model to explain this adsorption process ¢*®.

Table (3-2) shows the calculated Langmuir constants and a maximum
adsorption capacity for MWCNT, A.C and N.A.C.

The linear form of Temkin isotherm is expressed in equation (1-4). The
adsorption data are analyzed according to eq. (1-4) and a plot of Q. versus
In C. enables the determinations of the isotherm constants A and B. The
fitting of adsorption data to Temkin isotherm equation is investigated

according to its correlation coefficients (R (Table 3-2).
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MWCNT at different temperatures
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Fig. (3-5): Freundlich linear relationship for the adsorption of benzene solutions on

activated carbon at different temperatures
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Fig. (3-7): Langmuir linear relationship for the adsorption of benzene solutions on
MWCNT at different temperatures
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Fig. (3-9): Langmuir linear relationship for the adsorption of benzene solutions on non-
activated carbon at different temperatures
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Fig. (3-10): The linear relationship of Temkin isotherm for the adsorption of benzene
solutions on MWCNT at different temperatures
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Fig. (3-12): The linear relationship of Temkin isotherm for the adsorption of benzene

solutions on non-activated carbon at different temperatures

Table (3-2): The values of Freundlich, Langmuir and Temkin constants for
benzene at different temperatures from Figs. (3-4), (3-5), (3-6), (3-7),

(3-8), (3-9), (3-10), (3-11) and (3-12)

Freundlich constants Langmuir constants Temkin constants
Samples | T (K) > > >
R n Ke R Qo KL R B A
— 283 0935 |[5.587 |9.506 0980 |9.667 |111.11 |0.924 | 1.760 | 245.25
S 293 0981 |2222 |5.916 0935 |2.399 |28571 |0.974 |4.899 | 2.463
= 313 0992 |[2012 |4.989 0.956 |3.423 |38461 |0.916 |1.850 |67.12
= 333 0985 | 1.767 | 4.335 0.948 |2.256 |25.641 |0.986 |5.662 |1.357
283 0.9858 | 0.769 | 2.094 0.8811 |-0.115 | 1.892 |0.9137 | 5.861 | 1.355
8 293 0.9527 [ 0.592 | 0.470 0.305 |-0.124 |0.392 |0.9814 | 15.967 | 0.309
< 313 0.9035 | 0.482 | 0.202 0.4479 |-0.122 | 0.312 |0.9210 | 16.964 | 0.277
333 0.9829 | 0.166 | 563x10° |0.8421 |-0.124 |0.108 | 0.9691 | 31.895 | 0.182
283 0.9759 | 0.337 | 2.68x10° | 0.8059 |-0.013 | 0.016 | 0.8684 | 9.463 | 0.031
O 293 0.9835 | 0.325 | 1.44x10° | 0.7954 |-0.012 | 0.014 | 0.9131 [ 9.509 | 0.029
<ZE' 313 0.9068 | 0.237 |89x10® | 05799 |-0.013 | 0.007 |0.9598 | 11.626 | 0.024
333 0.8017 | 0.165 | 2917x10™ | 0.3852 | -0.013 | 0.002 | 0.9309 | 13.718 | 0.022




The adsorption rate of benzene increased with increasing concentration
and the adsorption percentage decreases as temperature increases (Tables
(3-3), (3-4), (3-5), (3-6), (3-7) and (3-8)). It can be seen that adsorption
capacity increased until equilibrium concentration is obtained. A complete
removal of benzene concentration is obtained for initial concentrations of
(50,100,150) ppm in all temperatures for MWCNT. Hence, it is clearly
proved that benzene adsorption by synthetic MWCNT agreed fair enough
with the Langmuir, Freundlich and Temkin while the reduction of 98.84%
IS obtained in concentration of benzene at temperature 283 K. It is
expressly established that benzene adsorption by synthetic activated carbon
and non-activated carbon agreed fair enough with the Freundlich and
Temkin adsorption models; and poorly fit with Langmuir isotherm model.
The correlation coefficient was very high throughout the experimental
range of benzene concentrations studied.

Table (3-3): The adsorption percentage of benzene with concentration 50 ppm

at different temperatures

emp. adsorption efficiency %
283K 293K 313K 333K

;rnlnn) N.AC| AC | CNT |NAC| AC | CNT [NAC | AC | CNT |NAC | AC | CNT
0 0.00 | 0.00 | 0.00 0.00 | 0.00 | 0.00 0.00 | 0.00 | 0.00 0.00 | 0.00 | 0.00
10 3.88 |89.72| 90.74 | 2.87 |89.54| 90.33 | 1.68 |[88.51 | 89.67 | 1.09 | 80.83 | 84.55
20 6.42 |90.28 | 91.53 | 5.92 |90.19| 90.74 | 4.90 |[89.49 | 90.51 | 1.34 | 86.84 | 87.67
30 710 |92.05| 9326 | 6.42 |90.51| 92.09 | 558 |[89.95| 91.67 | 1.68 | 87.07 | 89.81
40 8.12 |93.63| 9395 | 7.78 | 90.74 | 93.63 | 6.42 |[90.14 | 93.44 | 1.85 | 87.35| 92.74
50 12.45 | 94.47 | 96.33 | 11.00 | 90.93 | 95.72 | 8.80 | 90.42 | 95.40 | 2.19 | 87.54 | 95.07
60 17.78 | 95.30 | 98.14 | 1490 | 91.21 | 97.67 | 9.14 |90.51 | 96.65 | 2.53 | 87.63 | 96.33
70 2490 | 96.05 | 99.02 | 21.34 [ 91.49 | 98.56 | 16.59 | 90.60 | 97.49 | 2.70 | 87.81 | 97.02
80 3490 | 97.02 | 99.63 | 32.36 | 91.68 | 99.44 | 17.44 | 90.70 | 98.05 | 3.03 | 88.05 | 97.58
90 35.24 | 97.35| 99.91 | 32,53 [ 91.81 | 99.81 | 17.44 | 91.02 | 99.63 | 3.54 | 88.42 | 97.86
100 | 36.09 | 98.05 | 100.00 | 32.53 | 91.86 | 100.00 | 17.61 | 91.16 | 100.00 | 4.73 | 88.56 | 99.21
110 | 36.09 | 98.14 | 100.00 | 32.70 | 91.86 | 100.00 | 18.29 | 91.16 | 100.00 | 5.07 | 88.56 | 100.00
120 | 36.09 | 98.14 | 100.00 | 32.70 | 91.86 | 100.00 | 18.29 | 91.30 | 100.00 | 5.41 | 88.56 | 100.00




Table (3-4): The adsorption percentage of benzene with concentration 100 ppm

at different temperatures

emp. adsorption efficiency %
283K 293K 313K 333K
;rnlﬂn) N.AC| AC | CNT |NAC| AC | CNT [NAC| AC | CNT |NAC | AC | CNT
0 0.00 | 0.00 [ 0.00 0.00 | 0.00 | 0.00 0.00 | 0.00 | 0.00 0.00 | 0.00 [ 0.00
10 46.52 | 93.91 | 94.84 | 45.33 | 93.72 | 94.12 | 44.74 | 93.28 | 93.61 | 39.91 | 83.30 | 85.27
20 47.70 | 9458 | 95.35 | 46.60 | 94.07 | 94.84 | 4592 | 93.37 | 94.67 | 40.33 | 85.50 | 91.36
30 48.89 | 94.68 | 95.67 | 47.37 | 94.37 | 95.61 | 46.43 | 94.75 | 95.37 | 42.28 | 89.65 | 93.28
40 49.91 | 95.00 | 96.14 | 4898 | 9451 | 96.05 | 47.20 | 95.02 | 95.91 | 42.53 | 90.33 | 94.02
50 50.76 | 95.88 | 97.70 | 49.23 | 94.86 | 97.21 | 47.79 | 95.07 | 96.86 | 43.30 | 92.79 | 94.35
60 52.70 [ 96.79 | 98.33 | 49.48 | 95.07 | 97.63 | 48.47 | 95.16 | 97.37 | 43.72 | 93.09 | 96.44
70 53.13 [ 97.23 | 98.67 | 49.82 | 95.35 | 98.56 | 48.55 | 95.28 | 98.23 | 44.57 | 93.19 | 98.07
80 53.72 [ 97.68 | 99.49 | 50.50 | 95.54 | 98.93 | 48.72 | 95.33 | 98.77 | 44.74 | 93.44 | 98.35
90 55.59 [98.21 | 99.79 | 51.09 | 95.68 | 99.81 | 48.98 | 95.37 | 99.74 | 46.94 | 93.65 | 98.67
100 | 55.76 | 98.35 | 100.00 | 51.52 | 95.77 | 100.00 | 49.14 | 95.42 | 99.86 | 47.45 | 93.77 | 99.26
110 | 55.84 | 98.35 | 100.00 | 51.60 | 95.77 | 100.00 | 49.14 | 95.42 | 100.00 | 47.53 | 93.77 | 99.67
120 | 55.92 | 98.37 | 100.00 | 51.94 | 95.77 | 100.00 | 49.23 | 95.49 | 100.00 | 47.53 | 93.79 | 100.00

Table (3-5): The adsorption percentage of benzene with concentration 150 ppm

at different temperatures

Jemp. adsorption efficiency %
283K 293K 313K 333K

Z-nlnn) N.AC | AC | CNT |N.AC| AC | CNT |NAC | AC [ CNT [NAC | AC | CNT
0 0.00 0.00 | 0.00 0.00 | 0.00 | 0.00 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00
10 59.77 | 95.05| 95.80 | 58.36 | 94.06 | 94.18 | 52.54 | 93.05 | 93.70 | 51.80 | 67.73 | 77.52
20 60.28 | 95.13 | 96.08 | 59.32 | 94.57 | 94.91 | 53.05 | 94.12 | 94.85 | 52.65 | 76.27 | 80.48
30 61.41 | 9578 | 96.40 | 61.12 | 95.36 | 95.83 | 54.57 | 95.02 | 95.60 | 54.06 | 82.54 | 87.03
40 62.31 | 96.48 | 96.87 | 61.46 | 95.46 | 96.39 | 56.55 | 95.36 | 96.25 | 56.32 | 85.76 | 91.09
50 63.27 | 97.10 | 97.24 | 62.03 | 96.12 | 96.76 | 59.20 | 95.73 | 96.65 | 58.92 | 87.57 | 92.30
60 64.40 | 97.74 | 98.05 | 62.25 | 96.23 [ 96.91 | 60.33 | 96.12 | 96.87 | 59.83 | 90.79 | 94.42
70 64.85 | 98.02 | 98.39 | 62.76 | 96.54 [ 97.36 | 60.84 | 96.22 | 97.29 | 61.07 | 91.24 | 95.75
80 64.97 |98.39 | 98.76 | 62.93 | 96.78 [ 97.60 | 61.29 | 96.45 | 97.44 | 61.18 | 93.10 | 96.31
90 65.42 | 98.40 | 98.93 | 63.05 | 96.91 [ 98.57 | 62.31 | 96.53 | 98.42 | 61.46 | 94.29 | 97.91
100 65.47 | 98.42 | 99.32 | 63.33 | 96.99 | 99.05 | 62.59 | 96.90 | 98.91 | 62.14 | 95.49 | 98.59
110 65.53 | 98.42 | 99.97 | 63.72 | 96.99 | 99.84 | 62.65 | 96.90 | 99.61 | 62.37 | 95.52 | 99.13
120 65.47 | 98.45| 100.00 | 63.78 | 97.07 | 100.00 | 62.59 | 96.91 | 99.92 | 62.37 | 95.52 | 99.69




Table (3-6): The adsorption percentage of benzene with concentration 200 ppm

at different temperatures

emp. adsorption efficiency %
\ 283K 293K 313K 333K

;rnl]in N.AC | AC [ CNT | NAC | AC [CNT | NAC | AC | CNT | NAC | AC | CNT
0 0.00 0.00 | 0.00 0.00 0.00 | 0.00 0.00 0.00 | 0.00 0.00 | 0.00 | 0.00
10 64.53 | 91.61 | 96.64 | 63.51 | 91.14 [ 91.23 | 59.61 | 90.38 | 91.14 | 59.32 | 72.79 | 77.41
20 64.57 | 93.60 | 96.97 | 63.60 | 91.78 | 93.86 | 62.16 | 91.27 | 93.14 | 61.78 | 77.20 | 82.55
30 64.70 | 94.53 % 64.15 | 93.05 | 95.27 | 63.98 | 91.82 | 93.64 | 62.20 | 82.92 | 85.45
40 65.00 | 95.67 | 97.59 | 64.32 | 93.94 | 96.18 | 64.32 | 93.77 | 94.32 | 62.41 | 87.07 | 87.55
50 65.12 | 96.52 | 97.87 | 65.17 | 96.06 | 96.74 | 64.66 | 95.63 | 96.14 | 62.58 | 89.95 | 91.14
60 65.63 | 96.76 | 98.29 | 65.50 | 96.55 | 97.16 | 64.74 | 96.51 | 96.77 | 62.71 | 91.39 | 92.73
70 66.27 | 97.01 | 98.55 | 65.59 | 96.86 | 97.54 | 64.83 | 96.88 | 97.43 | 62.79 | 93.39 | 94.95
80 66.39 | 97.33 | 98.85 | 65.97 | 97.12 | 97.69 | 64.91 | 97.06 | 97.69 | 62.96 | 94.53 | 96.69
90 66.73 | 97.64 | 99.06 | 66.06 | 97.34 | 98.28 | 65.04 | 97.09 | 98.12 | 63.43 | 94.95 | 97.14
100 67.33 | 97.87 | 99.23 | 66.56 | 97.42 | 98.57 | 65.34 | 97.10 | 98.34 | 63.56 | 95.76 | 97.67
110 67.41 | 98.48 | 99.51 | 66.56 | 97.43 | 98.74 | 65.59 | 97.10 | 98.52 | 63.56 | 95.80 | 97.99
120 67.37 | 98.49 | 99.83 | 66.70 | 97.51 | 98.93 | 65.59 | 97.12 | 98.76 | 63.56 | 96.40 | 98.58

Table (3-7): The adsorption percentage of benzene with concentration 250 ppm

at different temperatures

emp. adsorption efficiency %
283K 293K 313K 333K

Z—rrlﬂn) N.A.C | AC [ CNT | NAC [ AC [ CNT | NAC | AC [ CNT | NAC | AC | CNT
0 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 [ 0.00 | 0.00 | 0.00
10 67.66 | 75.28 | 94.25 | 67.25 | 73.56 | 89.20 | 64.20 | 66.67 | 88.87 | 58.51 | 63.90 | 79.93
20 68.64 | 80.27 | 95.31 | 67.69 | 80.00 | 91.78 | 65.35 | 72.67 | 91.31 | 60.40 | 66.44 | 84.76
30 69.15 | 82.17 | 96.55 | 68.17 | 81.52 | 94.33 | 67.05 | 76.51 | 92.87 | 66.03 | 72.47 | 86.00
40 70.57 | 87.49 | 97.32 | 68.47 | 86.71 | 95.49 | 67.83 | 82.71 | 94.47 | 66.34 | 81.15 | 86.95
50 71.08 | 92.40 | 97.62 | 68.95 | 87.69 | 96.33 | 68.61 | 85.86 | 95.35 | 66.84 | 84.34 | 88.73
60 7159 | 95.62 | 97.83 | 69.12 | 89.96 | 97.33 | 68.67 | 89.45 | 95.78 | 67.42 | 86.84 | 89.56
70 71.69 | 96.74 | 98.03 | 70.40 | 91.01 | 97.56 | 68.81 | 92.13 | 96.47 | 67.96 | 87.62 | 90.98
80 71.79 | 97.40 | 98.27 | 71.25 | 9552 | 97.79 | 68.84 | 93.49 | 96.95 | 68.40 | 89.56 | 92.98
90 72.06 | 97.99 | 98.47 | 71.83 | 97.47 | 98.05 | 69.25 | 95.56 | 97.42 | 68.81 | 95.42 | 93.35
100 | 72.13 | 98.26 | 98.68 | 72.03 | 97.49 | 98.16 | 69.25 | 97.28 | 97.80 | 69.05 | 97.01 | 96.33
110 | 72.47 | 98.74 | 98.98 | 72.03 | 97.49 | 98.50 | 69.32 | 97.28 | 98.01 | 69.15 | 97.02 | 97.64
120 | 72.44 | 98.73 | 99.13 | 72.03 | 97.63 | 98.87 | 69.35 | 97.31 | 98.36 | 69.18 | 97.02 | 98.21




Table (3-8): The adsorption percentage of benzene with concentration 300 ppm

at different temperatures

emp. adsorption efficiency %
283K 293K 313K 333K

;rnllin) N.AC | AC [ CNT | NAC | AC [CNT | NAC | AC | CNT | NAC | AC | CNT
0 0.00 0.00 | 0.00 0.00 0.00 | 0.00 0.00 0.00 | 0.00 0.00 | 0.00 | 0.00
10 69.46 | 77.29 | 95.03 | 69.29 | 76.70 | 88.97 | 65.62 | 69.80 | 87.24 | 62.09 | 67.34 | 81.52
20 70.96 | 79.29 | 95.73 | 70.03 | 77.82 | 91.49 | 68.78 | 76.38 | 90.18 | 66.75 | 69.46 | 85.58
30 71.13 | 84.88 | 95.86 | 70.65 | 83.25 | 92.03 | 70.51 | 80.20 | 91.52 | 69.69 | 73.44 | 87.06
40 74.43 |89.52 | 95.97 | 71.44 | 87.82 |93.00 | 71.33 | 85,51 | 92.49 | 71.01 | 77.71 | 88.49
50 7474 | 92.37 | 97.73 | 71.86 | 89.18 | 94.18 | 71.47 | 87.85| 93.49 | 71.35 | 79.74 | 90.27
60 75.17 | 95.00 | 97.93 | 72.71 | 91.16 | 95.03 | 72.20 | 90.79 | 94.12 | 71.75 | 82.12 | 90.85
70 76.10 | 96.92 | 98.17 | 73.02 | 93.53 | 95.79 | 72.77 | 92.43 | 94.49 | 72.00 | 91.65 | 92.24
80 76.38 | 97.73 | 98.42 | 73.36 | 95.31 | 96.36 | 72.79 | 93.92 | 9530 | 72.65 | 93.79 | 93.30
90 76.58 | 98.29 | 98.55 | 73.50 | 96.18 | 98.05 | 72.91 | 95.84 | 96.36 | 72.94 | 94.91 | 94.76
100 76.58 | 98.47 | 98.79 | 73.56 | 97.71|98.19 | 73.05 | 97.67 | 97.45 | 72.99 | 97.16 | 95.64
110 76.58 | 98.83 |98.98 | 73.61 | 97.72|98.33 | 73.08 | 97.68 | 97.89 | 73.02 | 97.42 | 97.79
120 76.64 | 98.84 | 99.09 | 73.61 | 97.72 | 98.45 | 73.10 | 97.68 | 98.17 | 73.05 | 97.43 | 98.11

3.3.1.2. O-xylene Removal

The isotherm of the o-xylene adsorption by prepared non-activated
carbon (N.A.C), activated carbon (A.C) and MWCNT were represented by
applying the Langmuir, Freundlich and Temkin adsorption models.

The relations of equilibrium values of logQ. vs. logC., C./Q. vs. C, and
Qe vs. InC, for o-xylene adsorption isotherms using synthetic carbon
powder at different temperatures are shown in Figures (3-13), (3-14),
(3-15), (3-16), (3-17), (3-18), (3-19), (3-20) and (3-21) respectively.

In this study, Freundlich, Langmuir and Temkin isotherm models were
used to describe the relationship between the amounts of adsorbed o-xylene
and its equilibrium concentration in solution. Adsorption isotherm for
0-xylene onto activated carbon and MWCNT fitted adsorption data.
Freundlich and Temkin isotherm equations were investigated by plotting
log Q. versus log C. and Q. versus In C. which are presented in Figures
(3-13), (3-14) and Figures (3-19), (3-20) respectively. The adsorption
isotherm parameters which were calculated from the slope and intercept of
the linear plots using the linearized form of the Freundlich and Temkin
equations, together with the R* values are given in Table (3-9). The
Freundlich model assumes that the uptake of any adsorbate occurs on a




heterogeneous surface by multilayer adsorption and that the amount of
adsorbate increases infinitely with an increase in concentration. From these
assumptions, it can be concluded that synthetic activated carbon and
MWCNT powder take up o-xylene on a heterogeneous surface by
multilayer adsorption. The heterogeneity factor n was calculated and the
estimated value ranged between (0.95 - 4.63) for MWCNT. It is will known
that n value greater than 1.0 gives a favorable condition for adsorption.

The synthetic non-activated carbon, activated carbon and MWCNT
powders take up o-xylene on a heterogeneous surface by multilayer
adsorption as described by Langmuir. However, the Langmuir linear
isotherm is expressed in equation (1-2). The fitting of adsorption data to
Langmuir isotherm equation was investigated by plotting C./Q. versus C,
the resulting graphs showed a linear relationship between them as stated in
Figure (3-16) for MWCNT compared to that of o-xylene adsorption
capacity on activated carbon and non- activated carbon (Table 3-9).

Negative values of activated carbon and non-activated carbon for
Langmuir isotherm constants indicated that inadequacy of the isotherm
model to explain this adsorption process ®®. It is clear from the R? values
that the Freundlich and Temkin isotherm are fitted to the experimental data

better than Langmuir isotherm model.
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Fig. (3-13): Freundlich linear relationship for the adsorption of o-xylene solutions on
MWCNT at different temperatures
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Fig. (3-14): Freundlich linear relationship for the adsorption of o-xylene solutions on
activated carbon at different temperatures
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Fig. (3-15): Freundlich linear relationship for the adsorption of o-xylene solutions on
non-activated carbon at different temperatures
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Fig. (3-16): Langmuir linear relationship for the adsorption of o-xylene solutions on
MWCNT at different temperatures
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Fig. (3-18): Langmuir linear relationship for the adsorption of o-xylene solutions on non-
activated carbon at different temperatures
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Fig. (3-19): The linear relationship of Temkin isotherm for the adsorption of o-xylene

solutions on MWCNT at different temperatures
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Fig. (3-20): The linear relationship of Temkin isotherm for the adsorption of o-xylene
solutions on activated carbon at different temperatures
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Fig. (3-21): The linear relationship of Temkin isotherm for the adsorption of

0-Xxylene solutions on non-activated carbon at different temperatures

Table (3-9): The values of Freundlich, Langmuir and Temkin constants for
o-xylene at different temperatures from Figs. (3-13), (3-14), (3-15), (3-16),
(3-17), (3-18), (3-19), (3-20) and (3-21)

Freundlich constants Langmuir constants Temkin constants
Samples | T (K) > > >
R n Ke R Qo KL R B A
— 283 0.927 | 1.374 | 2350 0981 |5.111 |[55556 |0.919 |1.126 | 953.06
5 293 0.928 | 4.630 |5.395 0.942 |1.960 |20.408 |0.903 | 1.049 | 1168.7
= 313 0912 | 4348 |5.023 0.927 |3.276 |34.483 |0.907 |1.198 | 336.59
= 333 0.984 | 0954 |0.738 0973 |0.032 |0.866 |[0.900 |5.384 |0.492
283 0.9943 | 0.894 | 0.789 0.8329 |-0.021 |0.833 |[09005 |5.736 | 0.5455
) 293 0.9807 | 0.560 | 0.138 0.7781 | -0.055 | 0.362 | 009486 | 9.347 | 0.255
< 313 0.9596 | 0.549 | 0.101 0.6881 |-0.051 | 0.299 | 09491 |9.528 | 0.220
333 0.9485 | 0.550 | 0.084 0.4970 |-0.044 | 0293 |[09154 | 9.748 | 0.195
283 0.9519 |0.221 |121x107 |0.9789 |-0.018 |0.012 |0.7329 | 14.435 | 0.032
O 293 0.9607 |0.156 |521x10™ [ 0.7311 | -0.017 | 0.006 | 0.9089 | 19.671 | 0.026
<ZE' 313 0.8298 | 0.342 | 1.40x10° | 0.2666 |-0.010 |0.007 |0.9213 | 7.763 | 0.027
333 0.8064 | 0.277 |575x107 | 0.3627 |-0.010 | 0.006 |0.9684 | 8.464 | 0.024




The adsorption rate of o-xylene increased with increasing concentration
and the adsorption percentage decreases as temperature increases (Tables
(3-10), (3-11), (3-12), (3-13), (3-14) and (3-15)). It is found that adsorption
capacity increases until equilibrium concentration obtained. Almost a
complete removal of o-xylene concentration was obtained for initial
concentrations of (50,100) ppm and temperature of 283 K for MWCNT.
Hence, it is clearly noted that the o-xylene adsorption by synthetic
MWCNT agreed fair enough with the Langmuir, Freundlich and Temkin
adsorption models, while, reduction of 96.51% was obtained in
concentration of o-xylene at temperature of 283 K. It is expressly establish
that o-xylene adsorption by synthetic activated carbon and non-activated
carbon agreed fair enough with the Freundlich and Temkin adsorption
models and poorly fit with Langmuir isotherm model. The correlation
coefficient was very high throughout the experimental range of o-xylene
concentrations.

Notes from the Tables (3-3) to (3-15) that the percentage of adsorption in
the o-xylene is less compared to that of benzene non substituents due to the
position and the type and the nature of the substituent group in addition to
disability steric factor any size the substituent group has great effect on the
adsorption ratio which hampers the process of adsorption in the o-xylene
substituent methyl group in the ortho position compared to benzene non

substituent.



Table (3-10): The adsorption percentage of o-xylene with concentration 50 ppm

at different temperatures

emp. adsorption efficiency %

283K 293K 313K 333K
(Tn']in) N.AC | AC |CNT | NAC | AC | CNT | NAC | AC | CNT | NAC | AC | CNT
0 0.00 [ 0.00 | 0.00 [ 0.00 | 0.00 [ 0.00 | 000 | 000 [ 0.00 | 0.00 | 0.00 | 0.00
10 | 17.24 [84.29 8543 | 1067 [7457 [76.19 [ 752 [7114 [7495] 6.10 |68.76 [ 74.19
20 | 2181 [8524 [86.45 [ 11.71 [79.81 [83.33 [ 857 [7857 (8143 | 6.67 |76.10 [ 78.48
30 | 2552 [87.06 [ 87.22 | 18.57 [82.38 [ 84.00 [ 9.33 [80.57 [ 82.95 | 7.33 |77.43 [ 81.05
40 [ 26.10 [87.13 [87.49 | 21.81 [84.19[8552 | 10.19 | 83.6284.29 | 848 [81.62 | 84.18
50 | 29.71 [87.87 [ 90.39 [ 24.19 [86.25 [ 87.08 [ 10.48 | 86.00 [ 86.65 | 9.24 | 84.57 | 86.40
60 | 3352 [90.11 [ 93.77 [ 25.14 [87.01 [87.49 [ 10.76 [ 87.01 [ 87.21 | 9.62 | 86.50 | 87.17
70 | 3648 [90.39 [ 96.31 | 2543 [87.18 [ 88.14 [ 12.10 [ 87.10 [ 87.56 | 10.29 | 87.00 [ 87.53
80 | 36.67 [92.93]98.00 | 2552 [87.2491.24 | 12.38 | 87.31 [ 88.99 | 10.76 | 87.14 | 88.33
90 | 37.62 [93.21]99.97 | 25.81 [87.80 | 95.46 | 12.57 | 87.38 [ 94.06 | 10.95 | 87.53 | 92.76
100 | 38.00 [ 95.46 | 99.97 | 25.05 |[90.39 | 98.97 | 12.48 | 87.42 | 95.49 | 11.43 | 87.80 | 94.29
110 | 38.48 [95.46 | 99.97 | 25.05 [ 90.96 | 99.77 | 12.38 | 89.27 [ 98.93 | 11.81 | 88.03 | 95.05
120 | 38.38 | 95.75 | 99.97 | 24.95 | 91.24 | 99.87 | 12.38 | 89.27 | 98.93 | 11.52 | 88.03 | 95.24
Table (3-11): The adsorption percentage of 0-xylene with concentration 100 ppm
at different temperatures
emp. adsorption efficiency %

283K 293K 313K 333K
(Tn'“n) N.AC | AC |CNT | NAC | AC | CNT | NAC | AC | CNT | NAC | AC | CNT
0 0.00 [ 0.00 [ 0.00 [ 0.00 | 0.00 [ 0.00 | 000 | 0.00 [ 0.00 | 0.00 | 0.00 | 0.00
10 | 31.86 [84.00 | 88.67 | 31.14 [74.71 [ 84.86 | 30.43 [ 73.19 [ 83.91 | 29.43 | 69.86 | 81.24
20 | 36.00 [87.43]89.38 | 35.67 [79.29 [ 87.05 | 30.86 | 75.43 [ 85.05 | 29.76 | 73.91 | 83.05
30 [ 40.10 [89.48 [ 90.76 | 37.14 |83.81[89.71 | 31.57 | 78.57 | 86.43 | 30.10 [ 76.05 | 83.52
40 | 46.67 |91.05]93.23 | 42.81 [86.33]90.81 | 32.91 |82.91 [86.91 | 31.95 | 79.57 | 85.00
50 | 48.14 [92.10]93.76 | 45.81 [89.00 | 92.29 | 34.48 | 86.91 [ 88.05 | 33.48 | 82.95 | 85.86
60 | 50.33 [93.10 | 94.63 | 50.95 [91.33 [ 93.28 | 35.48 | 88.95 [ 88.71 | 34.86 | 86.00 | 87.10
70 | 53.10 [94.49]96.32 | 51.91 [93.33[93.55 | 44.95 | 90.81 [ 90.81 | 35.14 | 88.43 | 90.38
80 | 54.62 [95.06]97.73 | 54.95 [ 9351 [ 93.71 [ 48.81 | 93.05 [ 92.86 | 37.14 | 91.86 | 92.67
90 | 56.48 [95.48 | 98.72 | 56.24 [93.62 [ 95.90 | 52.62 | 93.45 [ 93.52 | 44.52 | 93.23 | 93.48
100 | 56.62 [ 95.76 | 99.99 | 56.95 | 93.69 | 98.58 | 52.86 | 93.61 [ 93.76 | 45.24 | 93.56 | 93.61
110 | 57.33 [ 95.76 | 99.99 | 56.67 [ 93.69 | 99.42 | 52.81 | 93.64 [ 95.62 | 45.86 | 93.57 | 94.35
120 | 57.24 | 95.76 | 99.99 | 56.67 | 93.71]99.99 | 52.62 | 93.62 | 96.89 | 45.95 | 93.56 | 94.63




Table (3-12): The adsorption percentage of 0-xylene with concentration 150 ppm

at different temperatures

emp. adsorption efficiency %
283K 293K 313K 333K

;rnlﬂn) N.AC | AC |CNT | NAC | AC | CNT [ NAC | AC [ CNT | NA.C | AC | CNT
0 0.00 0.00 | 0.00 0.00 0.00 | 0.00 0.00 0.00 | 0.00 0.00 | 0.00 | 0.00
10 29.05 | 72.41|91.27 | 27.81 | 68.44 | 88.89 | 27.59 | 66.98 | 88.13 | 22.44 | 66.76 | 87.24
20 35.90 | 75.68 | 91.46 | 33.68 | 71.27 | 89.30 | 29.05 | 71.75 | 88.86 | 25.90 | 70.57 | 88.13
30 43.84 | 77.94 | 92.06 | 38.41 | 75.97 | 90.60 | 36.06 | 73.27 | 89.49 | 29.52 | 72.67 | 88.67
40 48.25 | 80.35|92.35 | 42.79 | 80.06 | 90.73 | 38.44 | 79.87 | 90.03 | 34.57 | 78.63 | 89.14
50 52,32 | 83.90 | 92.92 | 44.10 | 82.38 | 91.59 | 40.44 | 82.44 | 91.02 | 38.32 | 81.52 | 90.32
60 57.46 | 86.63 | 93.43 | 46.25 | 86.44 | 92.03 | 42.63 | 85.87 | 91.62 | 42.89 | 84.86 | 90.98
70 59.43 | 88.79 | 94.19 | 52.03 | 87.56 | 92.63 | 44.95 | 87.05 | 92.29 | 44,51 | 86.06 | 91.71
80 63.56 | 90.76 | 95.14 | 58.57 | 90.06 | 93.62 | 48.89 | 89.81 | 93.17 | 51.46 | 88.89 | 92.76
90 66.35 | 93.08 | 95.55 | 63.87 | 92.86 | 94.22 | 52.48 | 92.32 | 93.84 | 53.24 | 91.46 | 93.68
100 66.51 | 95.21 | 95.83 | 65.78 | 93.97 | 94.98 | 55.52 | 92.73 | 94.70 | 58.60 | 92.70 | 94.48
110 67.56 | 95.79 | 96.42 | 66.70 | 94.48 | 95.70 | 60.54 | 93.97 | 95.52 | 59.27 | 93.81 | 95.21
120 67.59 | 95.79 | 97.74 | 66.32 | 94.54 | 95.85 | 60.60 | 93.97 | 95.71 | 59.37 | 93.81 | 95.68

Table (3-13): The adsorption percentage of 0-xylene with

at different temperatures

concentration 200 ppm

emp. adsorption efficiency %
283K 293K 313K 333K

Z—rrlﬂn) N.A.C | AC [ CNT | NAC | AC | CNT | NAC | AC | CNT | NAC | AC | CNT
0 0.00 0.00 | 0.00 0.00 0.00 | 0.00 0.00 0.00 | 0.00 0.00 | 0.00 | 0.00
10 41,60 |73.43|91.76 | 4548 | 72.67 | 91.02 | 39.21 | 72.07 | 89.93 | 38.17 | 69.17 | 89.81
20 51.74 | 74.14 |1 92.41 | 49.83 | 73.83 | 91.62 | 42.02 | 72.62 | 90.60 | 41.05 | 72.19 | 90.33
30 55.81 | 79.43 | 92.67 | 51.12 | 78.95| 92.10 | 43.33 | 77.26 | 91.38 | 42.29 | 76.36 | 90.64
40 60.74 | 83.24 | 93.45 | 56.93 | 81.86 | 92.93 | 45.21 | 79.74 | 92.17 | 44.21 | 78.26 | 91.31
50 62.00 | 86.71 | 94.36 | 59.57 | 86.57 | 93.07 | 45.74 | 85.60 | 92.76 | 45.21 | 83.52 | 91.79
60 66.91 | 89.36 | 94.67 | 62.45 | 88.86 | 93.67 | 46.74 | 85.74 | 93.52 | 46.26 | 84.83 | 92.21
70 69.45 | 9145|9541 | 63.98 | 90.45|94.24 | 51.41 | 89.93 | 93.91 | 50.19 | 89.26 | 92.64
80 72.14 | 92.74 | 95.98 | 66.88 | 92.43 | 94.60 | 52.21 | 91.76 | 94.36 | 51.48 | 89.83 | 93.17
90 72.69 | 94.79 | 96.48 | 68.91 | 93.60 | 95.67 | 57.52 | 93.00 | 95.10 | 55.14 | 92.45 | 93.67
100 73.19 | 95.67 | 96.78 | 71.21 | 94.62 | 96.05 | 62.24 | 94.50 | 95.62 | 57.26 | 93.50 | 94.98
110 75.52 | 96.19 | 96.89 | 73.46 | 95.45 | 96.50 | 68.29 | 94.52 | 96.36 | 65.17 | 93.55 | 95.55
120 75.57 | 96.19 | 97.97 | 73.46 | 95.48 | 96.73 | 68.29 | 94.52 | 96.64 | 65.24 | 93.55 | 96.05




Table (3-14): The adsorption percentage of 0-xylene with concentration 250 ppm

at different temperatures

emp. adsorption efficiency %
283K 293K 313K 333K

;rnlﬂn) N.AC | AC [ CNT | NAC | AC [ CNT | NAC | AC | CNT | NAC | AC | CNT
0 0.00 | 0.00 | 0.00 [ 0.00 | 0.00 | 0.00 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00
10 50.99 | 75.16 | 92.97 | 50.57 | 74.34 | 92.34 | 50.08 | 73.85 | 91.47 | 49.79 | 72.30 | 91.03
20 54.48 | 76.32 | 93.64 | 52.02 | 76.10 | 92.90 | 51.56 | 74.48 | 91.87 | 51.16 | 73.22 | 91.54
30 60.59 |80.88 | 93.89 | 56.88 | 80.13 | 93.41 | 53.73 | 78.08 | 92.32 | 52.13 | 76.13 | 91.98
40 63.20 | 85.12 | 94.15 | 60.59 | 84.53 | 94.02 | 54.90 | 80.21 | 92.74 | 53.81 | 77.96 | 92.65
50 67.79 | 86.59 | 94.48 | 63.07 | 85.92 | 94.17 | 56.08 | 83.33 | 93.10 | 55.37 | 81.10 | 93.14
60 71.62 | 87.89 | 95.07 | 67.64 |87.79|94.72 | 57.12 | 84.46 | 93.33 | 56.30 | 82.99 | 93.35
70 74.13 | 90.27 | 95.35 | 70.40 | 90.17 | 94.90 | 57.20 | 85.94 | 93.70 | 56.90 | 84.46 | 93.75
80 75.60 | 91.56 | 95.89 | 73.49 | 9152 | 95.22 | 60.19 | 87.43 | 94.02 | 59.22 | 86.74 | 93.92
90 77.35 | 92.55 | 96.53 | 74.72 | 92.42 | 95.37 | 61.26 | 88.59 | 95.25 | 60.29 | 89.90 | 94.44
100 | 7758 | 94.11 | 96.93 | 76.70 | 93.56 | 96.17 | 62.53 | 92.02 | 95.84 | 62.04 | 91.92 | 94.78
110 | 79.33 | 96.25 | 97.26 | 78.32 | 95.66 | 96.63 | 64.21 | 95.05 | 96.58 | 63.28 | 94.51 | 95.62
120 | 79.43 | 96.28 | 98.41 | 78.29 | 95.71 | 97.27 | 64.19 | 95.03 | 96.96 | 63.33 | 94.55 | 96.45

Table (3-15): The adsorption percentage of 0-xylene with

at different temperatures

concentration 300 ppm

emp. adsorption efficiency %
283K 293K 313K 333K

;rrrlﬂn) N.AC | AC |CNT | NAC | AC | CNT [ NNAC | AC [ CNT | NAC | AC | CNT
0 0.00 0.00 | 0.00 0.00 0.00 | 0.00 0.00 0.00 | 0.00 0.00 | 0.00 | 0.00
10 58.87 | 77.95|93.70 | 58.50 | 77.57 | 92.83 | 58.05 | 77.35|92.32 | 57.73 | 73.76 | 91.10
20 60.27 [80.95|94.35| 59.25 | 78.71 | 93.16 | 58.51 | 78.38 | 92.79 | 58.27 | 75.87 | 91.73
30 63.95 [ 84.13 | 94.59 | 59.65 | 82.51 | 93.46 | 59.32 | 79.29 | 93.19 | 59.24 | 78.24 ]| 92.35
40 67.33 [86.87 | 94.79 | 64.05 |85.83 |93.92 | 59.83 | 81.54 | 93.70 | 59.95 | 80.02 | 92.94
50 71.03 | 89.84 | 95.24 | 66.76 | 87.54 | 94.25 | 60.81 | 84.62 | 93.95 | 61.21 | 82.22 | 93.21
60 75.89 [91.97 | 95.49 | 69.86 | 89.60 | 94.44 | 61.54 | 86.19 | 94.22 | 61.79 | 84.57 | 93.70
70 77.83 [93.06 | 95.71 | 73.14 |90.78 | 94.89 | 62.56 | 87.40 | 94.54 | 62.90 | 85.81 | 93.95
80 79.51 | 94.64 | 95.90 | 76.67 | 91.84 | 95.17 | 63.08 | 88.44 | 94.81 | 63.29 | 88.33 | 94.29
90 80.22 | 95.43 | 96.64 | 77.73 | 93.22 | 95.38 | 63.48 | 89.94 | 94.97 | 63.75 | 89.51 | 94.62
100 80.87 | 96.10 | 96.95 | 79.78 | 94.57 | 96.87 | 64.02 | 93.24 | 96.52 | 63.95 | 93.00 | 94.79
110 82.00 | 96.51 | 97.36 | 80.30 | 95.98 | 97.14 | 64.69 | 95.54 | 96.70 | 64.46 | 95.29 | 96.02
120 82.05 | 96.51 | 98.61 | 80.32 | 95.98 | 97.44 | 64.76 | 95.56 | 97.19 | 64.52 | 95.27 | 96.67




3.3.1.3. Sulfide Removal

This investigation is dealing with adsorption of sulfide ion from aqueous
solution using non activated carbon, activated carbon and MWCNT at
temperature of 298 K. Effects of adsorption time and solution volume
(10, 25, 50 and 100) ml on removal of sulfide ion rate during treatment by
N.A.C, A.C and MWCNT for sulfide concentration was performed in
90 min as shown in Table (3-16). The table indicates that sulfide adsorption
onto carbon increases when increasing treatment time starting from
(30 - 90) min and by decreasing solution volume. The percentages of
sulfide ion removal by MWCNT, A.C, and N.A.C were 99.00 %, 88.14%
and 80.16% respectively at solution volume of 10 ml (Table 3-17). The
table showed that a new MWCNT high efficiency in all times and solution
volumes for removal of sulfide ion compared to that of activated carbon

and non-activated carbon.

Table (3-16): Sulfide concentration after treated with carbon

Concentration after treatment , ppm
Time
(min) _LMWCNT A.C N.A.C
10ml [ 25ml | 50 mi 100ml | 10 ml 25 ml 50 ml 100ml | 10 ml 25ml [ 50 ml 100 ml
0 | 1183.96 | 1183.96 | 1183.96 | 1183.96 | 1183.96 | 1183.96 | 1183.96 | 1183.96 | 1183.96 | 1183.96 | 1183.96 | 1183.96
30 [101.13 [1346 [17050 [247.02 [ 22327 | 282.67 | 297.33 | 346.02 | 287.47 | 294.83 [ 30752 [ 395.96
60 [3057 [6416 [9695 [15672 [ 19676 [ 232.87 | 244.95 | 27561 | 25334 | 27330 [ 30238 [ 382.83
90 |[11.79 [2930 [4504 [11094 | 14046 | 18864 | 22516 | 240.85 | 234.84 | 25334 | 28267 | 354.88
Table (3-17): Sulfide removal efficiency percentage on carbon
Removal efficiency %
Time
miny | LMWCNT AC N.A.C
10ml | 25ml [50ml | 100ml | 10ml | 25ml | 50 ml | 100ml | 10ml | 25ml [ 50 ml | 100 ml
0 0.00 000 [000 [0.00 [000 [000 [0.00 [000 [000 [0.00 [0.00 ][0.00
30 9146 |88.63 |85.60 [79.14 |81.14 |76.13 [74.89 |70.77 | 75.72 [ 75.10 | 74.03 | 66.56
60 97.42 | 9458 | 91.81 [86.76 |83.38 [80.33 [79.31 |76.72 | 78.60 |76.92 | 74.46 | 67.67
90 99.00 | 97.53 | 96.20 | 90.63 | 88.14 | 84.07 |80.98 | 79.66 | 80.16 | 78.60 | 76.13 | 70.03




3.4. Thermodynamic Parameters

The AH® and AS° values were calculated from slope (-AH/R") and
intercept (AS%R") of the linear plot, of In K vs. 1/T as shown in Figs.
(3-22) and (3-23) for benzene and o-xylene respectively. The
corresponding values of thermodynamic parameters are presented in Tables
(3-18) and (3-19) for benzene and o-xylene respectively. The negative
values of AG® indicated that the benzene and o-xylene adsorption processes
are spontaneous and feasible and this is consistent with the fact that the
interaction exothermic. The negative value of AH® shown that adsorption
process is exothermic in nature and all the observed values of AH® are
smaller than 40 kJ.mol™ (Tables (3-18) and (3-19)). This means that the

adsorption of benzene and o-xylene on carbon be physisorption process ¢*

219 The negative AS° indicated that a decrease in randomness at the
solid/liquid interface during adsorption of benzene and o-xylene on carbon.
The values of equilibrium constants (K) decrease in general with a high
temperature may be due to breaking bonds between adsorbate molecules
and surface adsorbent causing the return of material adsorbed from the
surface adsorbent to solution which is called desorption and thus decreases
material adsorbed considerably and decreases K value accordingly. All

values show that the adsorption is more favorable at lower temperature.
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Fig. (3-22): The plot of In K vs. 1/T for benzene with MWCNT, activated carbon
and non-activated carbon
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Fig. (3-23): The plot of In K vs. 1/T for o-xylene with MWCNT, activated
carbon and non-activated carbon

Table (3-18): Thermodynamic functions of benzene adsorption process in Fig.(3-22)

Initial AH® AS° AG°
S Conc.(ppm) s X ki.mol* | Jmol™k® | kl.mol™
— 200 283 572.066 -64.343 -14.939
LZ) 200 293 270.396 -33.148 -66.577 -13.641
= 200 313 99.770 -67.636 -11.978
2 200 333 69.497 -64.282 -11.742
200 283 65.161 -11.261 -0.827
o 200 293 43.372 -13.014 -13.075 -0.183
< 200 313 33.680 ' -12.339 -9.152
200 333 26.830 -11.733 -9.107
o 200 283 2.065 -3.088 -1.706
< 200 293 2.002 -2 580 -3.037 -1.690
= 200 313 1.906 -2.881 -1.678
200 333 1.744 -3.123 -1.540

Table (3-19): Thermodynamic functions of o-xylene adsorption process in Fig. (3-23)

Initial AH® AS° AG®

SHmpIEs Conc.(ppm) s K kl.mol* | Jmolk! | kl.mol™
- 200 283 31.949 -0.403 8.151
Z 200 293 29.534 8265 ~0.061 _8.247
= 200 313 22.803 ' -0.409 8.137
2 200 333 19.192 ~0.255 -8.180
200 283 25.250 -3.208 7597

O 200 293 21.104 8505 3.676 7.428
< 200 313 17.261 ' 3.492 7412
200 333 14.450 3.336 7.394

o 200 283 3.094 -19.042 2.657
= 200 293 2.767 8046 ~19.000 2479
. 200 313 2.153 ~19.329 ~1.996
200 333 1.877 -18.928 1.743




3.5. Adsorption Kinetics
Adsorption kinetic models can be useful to determine the mechanism of
adsorption and the efficiency of the adsorbents for the removal of

pollutants " 2tV

. In this study, the adsorption data of benzene and
o-xylene by MWCNT, activated carbon and non-activated carbon were
fitted through kinetic model of pseudo-first order kinetic as shown in
equation (2-5).

Where g, (Mmg/g) is the amount of benzene and o-xylene at equilibrium
time while g; (mg/g) is the amount of benzene or o-xylene at any time (t)
and k (min™) is the pseudo-first order rate constant. Values of k and g were
determined from the slope (- k) and intercept (Inge) of the linear plot of In

(0e-0¢) against time, as shown in Figs. (3-24) and (3-25) respectively.
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Fig. (3-24): Relationship between In (ge-q;) vs. Time for adsorption of
benzene solutions at temperature of 283K and conc. (200 ppm) on

MWCNT, activated carbon and non-activated carbon
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Fig. (3-25): Relationship between In (ge-q;) vs. Time for adsorption of
o-xylene solutions at temperature of 283K and conc. (200 ppm) on
MWCNT, activated carbon and non-activated carbon
3.6. Removal of Organic Pollutant by Ultrasonic

Sonolysis is the breaking of chemical bonds or formation of radicals
using ultrasound. In recent years, considerable interest has been shown in
the application of ultrasound as an advanced oxidation process for the
treatment of hazardous contaminants in water. Sonochemistry has been
demonstrated as a promising method for the destruction of aqueous
pollutants ®?. The action of ultrasound allows for the creation of micro
bubbles in water at high temperature and pressure, leading to localize

transient supercritical conditions. This leads to the production of active

radicals (H and OH) that take part in the degradation of organic matter.

In this study, sonodegradation of benzene and o-xylene were applied for
different periods of time; 0, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 110,
120, 130, 140 and 150 min. Also, sonodegradation experiments of benzene
and o-xylene were carried out in the presence of various concentrations to
observe if there was any effect on the degradation rates of benzene and

o-xylene. Sonodegradation were performed at initial concentrations of



100 ppm and 200 ppm, electric power, liquid volume and temperatures at
(283, 293, 313 and 333) K.

3.6.1. Benzene Removal
3.6.1.1. Effect of Initial Concentration

Experiments were conducted at various times to see if there was any
synergistic effect on the degradation of benzene. Increasing the
concentration from 100 ppm to 200 ppm showed a decrease in degradation
of benzene. Experiments showed that about 100% and 97.94% degradation
of benzene occurred after 150 min at 283 K respectively with sonochemical
reactor. But only 89.48% and 78.62% degradation of benzene was observed
within 10 min, as shown in Table (3-20).Therefore, results obtained from
the sonochemical degradation of benzene at various concentrations
indicated that removal rates were found to be decreased with increasing of
benzene concentration.

Table (3-20): The degradation of benzene by ultrasonic percentage with

concentrations of (100, 200) ppm at different temperatures

% of degradation at temperature (K)

= 283K 293K 313K 333K
ime
200 100 200 100 200 100 200
(min) | 100ppm
ppm ppm ppm ppm ppm ppm ppm
0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

10 89.48 78.62 81.24 76.48 81.00 70.43 74.00 69.12
20 90.50 83.98 83.71 81.48 83.52 76.98 76.76 71.98
30 91.43 88.38 86.05 84.50 85.86 78.76 78.33 74.81
40 93.05 90.62 87.33 86.21 86.62 82.88 78.76 76.71
50 93.47 91.67 89.10 88.29 88.14 85.64 79.38 78.26
60 93.67 9241 89.68 89.31 89.19 87.29 79.91 79.48
70 93.95 94.74 91.48 90.45 90.57 88.74 80.38 80.10
80 94.49 96.10 93.16 91.43 91.64 91.05 84.48 81.88
90 95.05 96.63 94.33 93.76 92.28 92.76 86.94 87.50
100 95.54 96.77 95.37 95.08 93.65 93.12 89.82 89.61
110 96.42 96.98 96.23 96.60 94.49 93.77 92.28 91.44
120 97.47 97.30 97.35 96.94 95.28 95.59 93.86 92.79
130 98.84 97.49 98.09 97.24 96.28 96.59 94.65 94.15
140 99.86 97.78 99.79 97.51 97.19 97.07 95.38 95.30
150 100.00 97.94 | 100.00 | 97.79 98.02 97.31 96.63 96.02




3.6.1.2. Effect of Sonication Time

In order to observe the effect of sonication time on the benzene
degradation rate during treatment, sonodegradation (sonication time) for
aqueous benzene concentrations were performed in 150 min. As clearly
seen, by increasing of the sonication time, considerable levels of benzene
degradation can be expected after 150 min. It was observed that the
degradation efficiency of acoustic frequency was increased when
sonication time increased, as shown in Table (3-20). Therefore, the
statistical study indicated that when sonication time is increased, there is an
increase in removal percentage. This effect is due to the increase in the
exposure time between the benzene solution and the acoustic cavitation

process as the time of sonication is increased “¢** %%,

3.6.1.3. Effect of Temperature

Increasing the temperature is causing a decrease in degradation ratios of
benzene (Table 3-20). The reason is possibly coming from the decrease of
the surface tension and viscosity of the solution, so that the generations of
bubbles become easier. However, the increase in solution temperature
results in a dramatic increase of the vapor pressure of the liquid, which
gives a higher vapor content of the cavitating bubble. In general, increased
temperature is likely to facilitate bubble formation due to an increase of the
equilibrium vapor pressure. However, the sonochemical effect of such
bubbles may be reduced. During the bubble growth, complete collapse may
not occur and the bubble may oscillate in the applied field if some gas or
vapor has diffused into the bubble ¢*>%9),

The results showed that pH values have been affected through
degradation of benzene. The pH values during the sonodegradation are
shown in Table (3-21). These values indicated that a surfactant will
accumulate on a surface independent of whether it is protonated or
deprotonated, the effect of pH value on degradation . Also, this

conclusion was confirmed by other researchers “®% who predicted that the



pH value was a key parameter affected by the sonodegradation of

surfactant.

Table (3-21): The effect of temperatures on pH values for degradation of

benzene by sonication

Time pH
(min) Temp.(K) 55 0om | 200 ppm
0 Standard 6.33 6.21
150 283 6.90 5.19
150 293 6.84 534
150 313 6.72 5.50
150 333 516 567

3.6.1.4. Proposed Mechanism of Benzene Sonolysis

The sonolytic benzene is involved in the degradation pathways and the
primary degradation products of phenol. The experimental results have
showed that the oxidation reaction of hydroxyl radicals with phenol is the
most important among three main sonochemical degradations. The reaction
of phenol with OH radicals leads to the formation of dihydroxyl
cyclohexadienyl radicals as shown in equation (1) (sketch A). In the
presence of oxygen, subsequent reaction of the dihydroxyl cyclohexadienyl
radicals leads to the formation of peroxyl radicals by the addition of
molecular oxygen as indicated by equation (2) (sketch A). Peroxyl radicals
are known to form hydroquinone and catechol after eliminating superoxide
radicals and rearranging the aromatic system #°. These compounds further
are degraded into biodegradable products, such as carboxylic acids, which

is finally complete mineralized into CO,and H,0 2.
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Sketch (A): Proposed Mechanism of Benzene sonolysis

Pyrolysis of benzene inside the cavities formed in the ultrasonic field has
also given a minor contribution, because acetylene, which is a product of
sonochemical destruction of volatile aromatic compounds, was detected in

a low yield #?,



3.6.2. O-xylene Removal
3.6.2.1 Effect of Initial Concentration

The effect of concentration on o-xylene degradation by ultrasonic
experiments was conducted in various times to see if there was any
synergistic. Increasing the concentration from 100 ppm to 200 ppm showed
a decrease in degradation of o-xylene. Experiments showed that about
97.88% and 95.52% degradation of o-xylene occurred after 150 min
respectively at 283 K with sonochemical reactor. But only 86.43% and
68.39% degradation of o-xylene was observed within 10 min, as shown in
Table (3-22). Therefore, results obtained from the sonochemical
degradation of o-xylene at various concentrations indicated that removal

rates were found to be decreased with increasing of o-xylene concentration.

Table (3-22): The degradation of o-xylene by ultrasonic percentage with

concentrations of (100, 200) ppm at different temperatures

% of degradation at temperature (K)

_ 283K 293K 313K 333K
Time 200 100 200 100 200 100 200
(min) | 100 ppm
ppm ppm ppm ppm ppm ppm ppm
0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

10 86.43 68.39 76.26 63.77 70.75 59.32 61.01 54.78
20 89.05 76.35 78.47 70.33 73.89 64.49 65.75 57.07
30 89.57 82.45 79.82 71.78 77.79 67.67 69.06 59.57
40 90.83 85.29 82.62 77.62 80.67 73.43 72.62 61.69
50 91.92 88.30 85.33 80.55 82.11 76.27 75.75 67.54
60 92.59 89.70 87.36 85.33 84.48 82.33 77.11 74.02
70 92.98 92.91 89.82 87.67 87.36 84.87 79.74 78.00
80 93.54 93.43 91.81 90.55 90.08 86.86 82.96 81.22
90 93.98 93.95 92.19 93.55 91.99 88.81 86.33 86.02
100 94.49 94.21 93.52 94.00 92.99 91.78 86.91 86.88
110 94.88 94.50 93.95 94.17 93.78 93.52 87.57 87.55
120 95.48 94.79 94.78 94.38 94.00 93.81 87.91 88.74
130 95.99 95.17 95.30 94.69 94.15 93.91 88.33 89.19
140 96.39 95.36 95.92 94.81 94.39 94.07 89.71 89.62
150 97.88 95.52 96.53 94.98 94.91 94.29 93.76 93.05




3.6.2.2. Effect of Sonication Time

The effect of sonication time on removal of 0-xylene by ultrasonic during
treatment, sonodegradation (sonication time) for aqueous o0-xylene
concentrations was performed in 150 min. As clearly seen, by increasing of
the sonication time, considerable levels of o-xylene degradation can be
expected afterl50 min. It was observed that the degradation efficiency of
acoustic frequency was increased when sonication time increased, as
shown in Table (3-22). Therefore, the statistical study indicated that when
sonication time is increased, there is an increasing in removal percentage.
This effect is due to the increase in the exposure time between the o-xylene
solution and the acoustic cavitation process as the time of sonication is
increased 43219
3.6.2.3. Effect of Temperature

The effect of temperature on o-xylene degradation by ultrasonic was
investigated in the temperatures of (283, 293, 313 and 333) K. The results
are presented in Table (3-22) showed that increasing the temperature
causing a decrease in degradation ratios of o-xylene. The reason is possibly
coming from the decrease of the surface tension and viscosity of the
solution, so that the generations of bubbles become easier. However, the
increase in solution temperature results in a dramatic increase of the vapor
pressure of the liquid, which gives a higher vapor content of the cavitating
bubble. In general, increased temperatures are likely to facilitate bubble
formation due to an increase of the equilibrium vapor pressure. However,
the sonochemical effect of such bubbles may be reduced. During the
bubble growth, complete collapse may not occur and the bubble may
oscillate in the applied field if some gas or vapor has diffused into the
bubble ¢1>218),

Notes from the Tables (3-21) and (3-22) that the percentage of
degradation in the o-xylene is less in compared with benzene non

substituent due to the position and the type and the nature of the substituent



group in addition to disability steric factor any size the substituent group
has great effect on the degradation ratio which hampers the process of
degradation in the o-xylene substituent methyl group in the ortho position
compared with benzene.

The results showed that pH values have been affected through
degradation of o-xylene. The pH values during the sonodegradation are
shown in Table (3-23). These values indicated that a surfactant will
accumulate on a surface independent of whether it is protonated or
deprotonated, the effect of pH value on degradation . Also, this
conclusion was confirmed by other researchers “®% who predicted that the
pH value was a key parameter affected by the sonodegradation of

surfactant.

Table (3-23): The effect of temperatures on pH values for degradation of

0-xylene by sonication

Time pH
(min) VEIEA(S) 100 ppm 200 ppm
0 Standard 5.694 5.512
150 283 6.690 6.443
150 293 5.967 6.367
150 313 5.715 6.251
150 333 5.511 6.126

3.6.2.4. Proposed Mechanism of O-xylene Sonolysis

From the detailed analysis of the intermediate product, we propose that
the reaction of o-xylene with the hydroxyl radical might have led to the
formation of benzene, methyl benzene, o-methyl phenol, ortho dioxybenzene,
benzoquinone and so on as the primary products. As the sonolysis went on,
some carboxylic acids such as formic, oxalic and malonic acids and so on
were formed. In the end, all of the carboxylic acids were decomposed into
inorganic carbon, which might exist as bicarbonate or carbon dioxide.

g (@23 229)

These results were in agreement with other . The variation of



intermediate products suggests that the degradation of o-xylene proceeded
as shown in (Sketch B).
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Sketch (B): Proposed Mechanism of O-xylene sonolysis



3.7. Thermodynamic Parameters

The thermodynamic parameters (AG®, AH® and AS®) for the degradation
processes are determined by using equations (2-6) and (2-7) as mentioned
previously @Y. The AH® and AS° values were calculated from slope and
intercept of the linear plot, of In K vs. 1/T as shown in Figs. (3-26) and
(3-27) for benzene and o-xylene respectively. The corresponding values of
thermodynamic parameters are presented in Tables (3-24) and (3-25) for
benzene and o-xylene respectively. The negative values of AG® indicate
that the benzene and o-xylene degradation process are spontaneous and
feasible, while the negative value of AH® shown an exothermic degradation
process in nature and the observed values AH? is smaller than 40 kJ.mol™
(Tables (3-24) and (3-25)), this means that the degradation of benzene and
o-xylene be physisorption process “*°*#%, The positive values of AS® may
indicate an increase in degree of freedom during degradation of benzene
and o-xylene and the values of the equilibrium constants (K) decreased
with increasing temperature. All values show that the degradation is more
favorable at lower temperature.
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Fig. (3-26): The plot of In K vs. 1/T for degradation of benzene by
ultrasonic technique
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Fig. (3-26): The plot of In K vs. 1/T for degradation of o-xylene by
ultrasonic technique

Table (3-24): Thermodynamic functions of the benzene degradation
process using ultrasonic at the concentration of 200 ppm

AH® AS° AG®
T(K) K kd.mol* | Jmoltk? | kJ.mol?
283 47.591 3.827 -9.089
293 44.259 8,006 4,184 -9.232
313 36.230 4,268 -9.342
333 28.656 3.853 -9.289

Table (3-25): Thermodynamic functions of the o-xylene degradation

process using ultrasonic at the concentration of 200 ppm

AH® AS’ AG®
T(K) K kJ.mol™* | Jmoltk™| kJ.mol*
283 21.341 0.647 -7.201
293 18.904 7018 0.485 -7.160
313 16.499 0.885 -7.295
333 13.384 0.492 -7.182

3.8. Degradation Kinetics

Kinetic model studies on the sonocatalytic degradation rate of the
benzene and o-xylene are useful to determine the mechanism of
degradation and the efficiency of the removal of pollutants. The
degradation data of benzene and o-xylene by ultrasonic were fitted through

kinetic model including pseudo-first order kinetic as shown in Figs. (3-28)



and (3-29) for benzene and o-xylene respectively and as shown in

equation (2-5) 07211,

4.8
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Fig. (3-28) Linear relationship between In (ge-q;) vs. Time for degradation
of benzene solutions at temperatures (A) 293 K and (B) 313 K by conc.

(200 ppm) using ultrasonic technique
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Fig. (3-29) Linear relationship between In (Qe-q¢) vs. Time for degradation of
0-xylene solutions at temperatures (A) 283K and (B) 333K by conc. (200

ppm) using ultrasonic technique



Conclusions & Recommendations

I. Conclusions

Depending on the procedural steps followed and the discussion conducted

it can be concluded that:

1.

Multi-walled carbon nanotubes were prepared succefully with high

surface area and high capacity for adsorption processes.

The adsorption capacity of pollutants increases with the decreasing of

flow rate, particle size and increasing concentration.

The removal of benzene and o-xylene decrease with increasing

solution temperature, which indicates that the adsorption of benzene

and o-xylene onto carbon is exothermic process.

The kinetic results showed that benzene and o-xylene adsorptions onto

carbon can be described by pseudo-first-order model.

A new circulating system showed high efficiency by adsorption

treatments.

The adsorption process on carbon powder is fitting the Freundlich and

Temkin isotherm models with very high correlation coefficients.

Fuel oil waste power plant used in this work as a new source for

preparation of MWCNT by ultrasonic technique for the first time has

high adsorption capacity. Therefore, it can be used in commercial

production of MWCNT.

The advantages of the invention feature the followings:

A. It does not need catalysts.

B. It does not need high techniques but uses a simple ultrasonic
technique.

C. It uses by-products coming from fuel oil power plant.

D. It follows the rules of environment cleaning.

MWCNT powder as an absorbent to an aqueous samples reduces

benzene and o-xylene concentration dramatically with value of 100%.



Therefore, a complete reduction in concentrations of benzene and o-
xylene respectively were obtained.

10. Results obtained from this study demonstrate that sonochemical
reactor is capable to some degree of benzene and o-xylene degradation
in waste waters produced by chemical processes.

11. The sonodegradation of benzene and o-xylene follows a pseudo-first
order kinetic models. The degradation rate of benzene and o-xylene

increased with decreasing the temperature and initial concentration.

I1. Recommendations
In the light of the present study, the following recommendations can be

helpful for further studies:

1. The MWCNT produced should be tested against different contaminants
from industrial waste water, like dyes, polymers, metal ions and other
organic compounds.

2. Emphasizing the fact that the modification of MWCNT surface has been
succeeded, and this may pave the way for researchers to focus their
attention toward modifying surfaces for different application, like
biosensor for DNA or protein detection.

3. Using low cost catalysts, like titanium oxide TiO, in removal of many
industrial contaminants (organic or inorganic), and to increase the
efficiency of removal by irradiation using short or medium waves as
well.

4. Sonochemical reactors alone may not be useful for reducing completely
complex waste waters of high surfactant load. Hence, effectiveness may
improve coupling acoustical reactors with other treatment processes

including ozone, UV, chlorination and H,0..
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