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Abstract

Carbon nanotube is long thin cylinders of graphite, it is made up of layers of carbon atoms every
atom is connected evenly to three carbons arranged in a hexagonal lattice. In this research carbon
nanotubes (CNTSs) doping by magnesium oxide in different ratio (0.1, 0.3, 0.5, 0.7and 0.9) from
soot and coal, were synthesized using thermal chemical vapour deposition (CVD), and used in
diode Multilayers fabrication. Five samples of CNTs prepared from each source were doped by
magnesium oxide in different ratio (0.1, 0.3, 0.5, 0.7and 0.9). X-ray diffraction technique (XRD)
was used to obtain crystal structure and lattice parameters of samples, UV-Visible used to
evaluate the optical properties.Fourier Transform Infrared spectroscopy (FTIR) used to measure
the vibrational frequencies of bonds in the molecules.

XRD results showed that the increasing in concentration of magnesium oxide leads to change
structure parameter of carbon nanotubes samples (grain size, d-space, density and miller indices)
FTIR showed different vibrational frequencies for CNTs from soot and coal, also showed that
CNTs from coal more stable than CNTs from soot. For the optical properties the absorbance of
CNTs from soot greater than CNTs from coal, for Soot samples the decrease of absorption at
wavelengths 317 nm corresponding photon energy 3.912 eV by MgO concentration increase, and
for Coal samples decrease at wavelengths 272 nm corresponding photon energy 4.559 eV by
MgO concentration increase. The optical energy band gap decrease with MgO concentration
increase, the optical band gap for soot and coal of CNTS within range of semiconductor
materials (3.392-3.517) eV. Finally, the 1-V Curve display that the samples are diode multilayer
the charge injection voltage and turn off voltage increases when the concentration of MgO and
number of layer increases for CNTS made from soot and coal. These results confirm the previous
studies.



oaldiall

50 JS Sl 3 (e il (g (5S¢ Cudl jall e Al g dad ) i) shand G 8l A s SN Ay sl i)
A 5 ,S) g il s a5 Canll 138 8 KA dpda ASS 8 A e 0 508 Q0 A sluie (S5 Alate
padll 5 Zlidl (5 5nan 50 (0.9 50.7 < 0.5 ¢ 0.3 ¢ 0.1) Aikiie 31 5 o spasineall 2pui Al 3 L 5355 (CNTS)
owdaad ol ikl dastie S slaall piail Lealadiul 5 (CVD) ol oad) (Shesll il o il 45 )l aladinly
0.3 ¢ 0.1) dlise 38 s o grstiral) 200Sh Annd 0 L gl s saemn IS (e o pSU 4 9l i) e e ued
Ay shll Al il 5 3 ) sl Al e J gaall (XRD) disnall 423 2 a4 caaladind (0.9 50.7 < 0.5
& Bl A i) s il Gl (FTIR) ol peall cind A1 Jysadl a5 4dbhae aladiul o LS ¢ il
A pead) Gailadl) Ll 5ol 4 jall dmdidl (5 AadY) Creadind es all

A 5 S A I oY) ligad A il Al s ) (5255 o samiieall 2008 3 53 33030 ) XRD il Casa )
Ll san gl 48 o g5yt ) el (o0l LS o lae Cidlalaa 5 ZEUSH ey )3 ol siosall (g Ailisall) Cilppall ana)
Cre A g U 2 il Gl Aaliae 4 3) i) <lan 3 o) peal) it Al Jysadl Ay ) 8 Adldae & jeda) il paeal
Aanilly Ul e 4 53 S0 A D) il (e 1) il ST il (0 4 53 S0 4 i) il () pelal LS ¢ il 5 ol
il (g A g S0 Ayl i) e ST Ll (e A g KU Al i) Galiaial (¢ A guall (ailiadll
psaminall 2SI 38 5550l 5 calsd 5 8 3,912 05 Ay yia il 317 (o sall Jishll die paliaia¥) (i
8aly 30l 8 ()5 58 4,559 (5 s Ay yia 33 272 (o sall Jishall wie (mday aadll Gl 5 ¢ bl Glied dally
ssad zliudly aadll o grapirall 3S) 38 55 80k 1 B3 ) e A gecall A8l (Glhai 5 sand (Bl o spasinall 2] 5SS
O AN (3.517-3.392) <Dl sall oludl 2 g0 (Gl Garia pndll 5 rlinall (g A0 ySU 4 i) ol A puall (Gl
Sl 38 55830 s il dga 5 Jaladl aga ala ¢ clihll daeie AU aleall Hlall g aeal) Aaia pal g
ALl il ) ae (381 55 U 028 | aandl) g L) (e g sieaall 4 0 K1 A N U il aae g gl



List of Contents

Figure No. Subject Page No.
Jleia |
Dedication |
Acknowledgements I
Abstract 1V
it Vv
List of contents Vi
List of Abbreviation Xl
List of figures X1
List of table XVI

Chapter one
1.1 carbon nanotube 1
1.2 Research Problem 2
1.3 Research objectives 2
131 General objective 2
1.3.2 Specific objectives 3
14 Research methodology 3
1.5 Layout of thesis 3

Chapter two
2.1 Introduction 4
2.2 Carbon 4
2.3 Nano carbon Material 4
231 Fullerenes 4
2.3.2 Graphene 4
2.3.3 Nano diamond 5

\




2.4 Carbon Nanotubes 5
2.5 Classification of carbon nanotubes 6
25.1 Single-Walled Carbon Nanotube 6
2.5.2 Multi-Walled Carbon Nanotube 6
2.6 Synthesis methods for CNT 7
2.6.1 Laser ablation 7
2.6.2 Arc discharge 7
2.6.3 Chemical vapor deposition 8
2.6.3.1 Plasma Enhanced CVD (PECVD) 9
2.6.3.2 Thermal chemical vapor deposition 9
2.7 Properties of carbon nanotubes 10
2.7.1 Physical and chemical properties 10
2.7.2 Electrical 10
2.7.4 Thermal Properties 11
2.75 Optical Properties 12
2.8 X-ray Diffraction and Bragg’s Law 12
2.9 Miller indices 13
2.10 Bravais Lattice 13
211 Type of Bravais Lattices 13
2.11.1 Cubic Systems 13
2.11.2 Orthorhombic Systems 13
2.11.3 Tetragonal Systems 13

VI




2.11.4 Monoclinic Systems 14
2.11.5 Triclinic System 14
2.11.6 Rhombohedra System 14
2.11.7 Hexagonal System 14
2.12 Spectroscopy 15
2.13 Optical Properties 15
2.13.1 Absorption 15
2.13.2 Transmission 15
2.13.3 Absorption Coefficient 16
2134 Extinction coefficient 16
2.13.5 Optical Energy Band gap 17
2.14 Semiconductor 17
2.15 Diode 17
2.15.1 Diode PN Junction Structure 17
2.15.2 PN junction diode in forward bias 18
2.15.3 PN junction diode in reverse bias 18
2.15.4 Types of diode 18
2.16 I-V Curve 19
2.17 Magnesium Oxide 20
2.18 Previous studies 21
2.18.1 Comparison of electrical and optical behaviors of 21

MEH-PPV and MEH-PPV/CNT blend based
polymer light emitting diodes

VI




2.18.2

Carbon Nanotubes -Reinforcing MgO-Doped Al,0O3

Nano composites

21

2.18.3

Synthesis and characterization studies of cadmium
doped MgO Nano crystals for optoelectronics

application

21

2.18.4

Magnesium Oxide (MgO) pH-sensitive Sensing
Membrane in Electrolyte-Insulator-Semiconductor

Structures with CF4 Plasma Treatment

22

2.185

Effect of Nano-carbon percentage on properties of

composite material

22

2.18.6

Synthesis and Characterization of Ce Doped MgO

Nano crystals

23

2.18.7

Enhanced Structural, Thermal, and Electrical
Properties of Multiwall Carbon Nanotubes

Hybridized with Silver Nanoparticle

23

2.18.8

Synthesis and investigation of SiO.- MgO coated
MWCNTSs and their potential application

24

2.18.9

Graphene Oxide-Doped MgO Nanostructures for
Highly Efficient Dye Degradation and Bactericidal

Action

24

2.18.10

Doping Effect of CNT and Nano-Carbon in
Magnesium Debride Bulk

24

2.18.11

Carbon Nanotubes (CNTs)-Reinforced Magnesium-

Based Matrix Composites: A Comprehensive Review

25

2.18.12

Incorporating aligned carbon nanotube electrode

arrays in organic thin-film transistors

26

2.18. 13

Comparative Study of Deposit through a Membrane
and Spin-Coated MWCNT as a Flexible Anode for

Optoelectronic Applications

26

2.18.14

Charge Transfer Properties in MEH-

27




PPV/PS:MWCNTs Nano composites

2.18.15 High Luminance Organic Light-Emitting Diodes 27
with Efficient Multi-Walled Carbon Nanotube Hole
Injectors
2.18.16 Properties of Single-Walled Carbon Nanotube-Based 27
Poly(phenylene vinylene) Electroluminescent Nano
composites
Chapter three
3.1 Introduction 29
3.2 Materials 29
3.3 Tools 29
34 Method 29
34.1 Preparation of MgO 29
3.4.2 Synthesizing carbon nanotube and doping by MgO 30
3.4.3 spin casting of Carbon Nano Tube (CNT) and MEH- 30
PPV
35 Characterization Techniques 30
3.5.1 UV-Vis Spectroscopy 31
3.5.2 Fourier transforms infrared spectroscopy (FTIR) 31
3.5.3 X-ray diffraction (XRD) 32
354 I-V characteristics multilayers 33
Chapter Four
4.1 Introduction 34
4.2.1 XRD Results of Carbon Nano Tube (CNT) doping by 34

(Mg O)




4.2.2 XRD Discussion of Carbon Nano Tube (CNT) 41

doping by (MgO)

431 FTIR Results of Carbon Nano Tube (CNT) doping 42

by (MgO)

4.3.2 FTIR Discussion of Carbon Nano Tube (CNT) 46

doping by (MgO)

44.1 Optical Results of Carbon Nano Tube (CNT) doping 46

by (MgO)

4.4.2 Optical Discussion of Carbon Nano Tube (CNT) 49

doping by (MgO)

45.1 I-V characteristics multilayers Results of Carbon 51

Nano Tube (CNT) doping by (MgO)
45.2 I-V characteristics multilayers Discussion of Carbon 59
Nano Tube (CNT) doping by (MgO)

45.3 General discussion 61
4.6 Conclusion 62
4.7 Recommendation 62
4.8 Referance 63

Xi




List of Abbreviation

Abbreviations

Terminology

CNTS Carbon Nanotube
MgO Magnesium oxide
SWCNT Single-Walled Carbon Nanotube
MWCNT Multi-Walled Carbon Nanotube
CVvD Chemical vapor deposition
PECVD Plasma Enhanced Chemical vapor deposition
XRD X-ray diffraction
FTIR Fourier Transform Infrared
MEH- PPV Methoxy Ethylhexoxy Phenylene —Vinylene
uv UV-Vis Spectroscopy
ITO indium tin oxide
E, Energy gab band
PVD Physical vapor deposition
SEM Scanning electron microscopy
ISFET lon-sensitive field-transistor
TG Thermo gravimetric
DTA Differential thermal analysis
UVDRS Uv diffused reflectance spectroscopy
AC Arc discharge
LA Laser ablation
OTFTs Organic thin film transistors
PL Photo luminescence
GNPs Grapheme nano-platelets
NC Nano carbon
GO Graphene oxide
GNPs Graphene nano platelets
PET Poly ethylene terephthalate

Xl




List of Figures

Figures No. | Title Page No.

2.1) Single-Walled Carbon Nanotube (SWCNT), Multi-Walled Carbon Nanotube 6
(MWCNT)

2.2) illustrates how diffraction of x-rays by crystal planes allows one to derive 12
lattice spacing’s by using the Bragg's law

(2.3) The three possible types of cubic cells have been illustrated below 13

(2.4) The four types of orthorhombic systems 13

(2.5) The two types of tetragonal systems 14

(2.6) The two possible types of monoclinic systems 14

(2.7) Simple type of triclinic cell 14

(2.8) Type of primitive rhombohedra cell 14

(2.9) Simple type of hexagonal cells 15

(2.10) PN junction diode in forward bias 19

(2.11) I-V Curve of a Diode 20

(3.1) spin casting of Carbon Nano Tube (CNT) and MEH-PPV 22

(3.2) UV-Vis Spectroscopy 31

(3.3) FTIR Spectroscopy 32

(3.4) XRD 32

(3.5) IV circuit 33

4.1) XRD spectrum of Carbon Nano Tube (CNT) from Soot and doping by 34
Magnesium Oxide (MgO) o1 ratio

(42) XRD spectrum of Carbon Nano Tube (CNT) from Soot and doping by 35
Magnesium Oxide (MgO)o.s ratio

(4.3) XRD spectrum of Carbon Nano Tube (CNT) from Soot and doping by 35
Magnesium Oxide (MgO) o5 ratio

(4.4) XRD spectrum of Carbon Nano Tube (CNT) from Soot and doping by 36
Magnesium Oxide (MgQ)o.7 ratio

(4.5) XRD spectrum of Carbon Nano Tube (CNT) from Soot and doping by 36

Xl




Magnesium Oxide (MgO) o9 ratio

(46) XRD spectrum of Carbon Nano Tube (CNT) samples that made from Soot 37
doping by Magnesium Oxide (MgO) (0.1, 0.3, 0.5, 0.7 and 0.9) ratio

47) XRD spectrum of Carbon Nano Tube (CNT) from Coal and doping by 38
Magnesium Oxide (MgO) o.1 ratio

(4.8) XRD spectrum of Carbon Nano Tube (CNT) from Coal and doping by 38
Magnesium Oxide (MgO) o ratio

(4.9) XRD spectrum of Carbon Nano Tube (CNT) from Coal and doping by 39
Magnesium Oxide (MgO) o5 ratio

(4.10) XRD spectrum of Carbon Nano Tube (CNT) from Coal and doping by 39
Magnesium Oxide (MgO) o7 ratio

(4.11) XRD spectrum of Carbon Nano Tube (CNT) from Coal and doping by 40
Magnesium Oxide (MgO) o ratio

(4.12) XRD spectrum of Carbon Nano Tube (CNT) samples that made from Coal 40
doping by Magnesium Oxide (MgO) (0.1, 0.3, 0.5, 0.7 and 0.9) ratio

(4.13) IR spectrum of CNTs from (Soot) + Magnesium Oxide (MgO) (0.1, 0.3, 0.5, 43
0.7 and 0.9) Molar samples

(4.14) IR spectrum of CNTs from (Coal) + Magnesium Oxide (MgO) (0.1, 0.3, 0.5, 44
0.7 and 0.9) s ratio amples

(4.15) the relation between absorbance and wavelengths of (Soot and Coal) + 47
Magnesium Oxide (MgO) (0.1, 0.3, 0.5, 0.7 and 0.9) ratio samples

(4.16) Shows the relation between transmission and wavelengths for (Soot and 47
Coal) +Magnesium Oxide (MgO) (0.1, 0.3, 0.5, 0.7 and 0.9) ratio samples.

(4.17) the relation between absorption coefficient and wavelengths of (Soot and 48
Coal) + Magnesium Oxide (MgO) (0.1, 0.3, 0.5, 0.7 and 0.9) ratio samples

(4.18) the relation between extinction coefficient and wavelengths of (Soot and 48
Coal)

(4.19) the optical energy band gap of (Soot and Coal) + Magnesium Oxide (MgO) 49
(0.1, 0.3, 0.5, 0.7 and 0.9) ratio samples

(4.20) I-V characteristics of Soot Carbon Nano Tube (CNT) doping by Magnesium 51

XV




Oxide (MgO) 0.0

4.21) I-V characteristics of Soot Carbon Nano Tube (CNT) doping by Magnesium 52
Oxide (MgO) 0.1

4.22) I-V characteristics of Soot Carbon Nano Tube (CNT) doping by Magnesium 52
Oxide (MgO) o3

4.23) I-V characteristics of Soot Carbon Nano Tube (CNT) doping by Magnesium 53
Oxide (MgO) o5

(4.24) I-V characteristics of Soot Carbon Nano Tube (CNT) doping by Magnesium 53
Oxide (MgO) o.7

(4.25) I-V characteristics of Soot Carbon Nano Tube (CNT) doping by Magnesium 54
Oxide (MgO) 0.0

(4.26) I-V characteristics of Coal Carbon Nano Tube (CNT) doping by Magnesium 54
Oxide (MgO) 0.0

4.27) I-V characteristics of Coal Carbon Nano Tube (CNT) doping by Magnesium 55
Oxide (MgO) 0.1

(4.28) I-V characteristics of Coal Carbon Nano Tube (CNT) doping by Magnesium 55
Oxide (MgO) o3

(4.29) I-V characteristics of Coal Carbon Nano Tube (CNT) doping by Magnesium 56
Oxide (MgO) o5

(4.30) I-V characteristics of CoalCarbon Nano Tube (CNT) doping by Magnesium 56
Oxide (MgO) o.7

4.31) I-V characteristics of Coal Carbon Nano Tube (CNT) doping by Magnesium 57
Oxide (MgO) 0.9
relationship between concentration of Magnesium Oxide (MgO) and charge 58

(4:32) injection voltage for Carbon Nano Tube (CNT) from (Soot and Coal)

(4.33) relationship between concentration of Magnesium Oxide (MgO) and turn on 58

Voltage for Car-bon Nano Tube (CNT) from (Soot and Coal)

XV




List of Tables

Table No.

Title

Page No.

(4.1)

Calculate Lattice Constants from Peak Locations and Miller
Indices of Carbon Nano Tube (CNT) samples that made
from Soot doping by Magnesium Oxide (MgO) (0.1, 0.3, 0.5,
0.7 and 0.9) ratio

37

(4.2)

Calculate Lattice Constants from Peak Locations and Miller
Indices of Carbon Nano Tube (CNT) samples that made
from Coal doping by Magnesium Oxide (MgO) (0.1, 0.3,
0.5, 0.7 and 0.9) ratio

41

(4.3)

Characteristic IR of CNTs from (Soot) + Magnesium Oxide
(MgO) (0.1, 0.3, 0.5, 0.7 and 0.9) ratio samples

43

(4.4)

Characteristic IR of CNTs from (Coal) + Magnesium Oxide
(MgO) (0.1, 0.3, 0.5, 0.7 and 0.9) ratio samples

45

(4.5)

Threshold Of Charge Injection And Highly Twistable Device
Had Shown A Turn On Voltage Of Carbon Nano Tube
(CNT) From (Soot And Coal) And Doping By Magnesium
Oxide (Mgo) In Different Ratio (0.1, 0.3, 0.5, 0.7 And 0.9)

57

XVI




Chapter One

Introduction

1.1 carbon nanotube

Carbon nanotubes are one of the most commonly mentioned building blocks of
nanotechnology. With one hundred times the tensile strength of steel, thermal
conductivity better than all but the purest diamond (Yusof, 2016) and electrical
conductivity similar to copper, but with the ability to carry much higher currents
(simo, 1993), they seem to be a wonder material CNTs have special physical,
biological and chemical activities (Chen, 1999). They are utilized for various
purposes like solar cell, purification systems, fuel cells, as separation membranes,
filters, displays, clothes, sensors, biomedical industry, for hydrogen storage and as
a super capacitor (Ma, 2008). Inorganic nanoparticles such as metal oxides ,gold,
and carbon-based nanomaterial have acquired growing heed through the last ten
years as possible transporters for diagnostics and therapeutics of several cancers
Carbon nanotubes were 'discovered' in 1991 by lijima (Sumio, 1991),and have
since been the subject of much research .It is effectively long thin cylinders of
graphite made up of layers of carbon atoms every atom is connected evenly to
three carbons arranged in a hexagonal lattice (Kim, 2000 ).The layers themselves
are not chemically bonded to each other but held together by weak forces called
Van der Waal. Nanoparticles are classified into two main forms: Multi-walled
CNTs (MWCNTS), with diameters between 10nm to 50nm and a single-walled
CNTs (SWCNTSs), with diameters between 0.6nm and 3nm . SWCNTSs consist of a
roll of graphene sheet used in forming a cylinder; while MWCNTSs are made of
multiple rolls of cylinder (Kong, 1998).There are many other types of nanotube,
from various inorganic kinds, such as those made from boron nitride, to organic

ones, such as those made from self-assembling cyclic peptides (protein



components) or from naturally-occurring heat shock proteins (extracted from
bacteria that thrive in extreme environments). Through arc discharge, , laser
ablation, and Chemical Vapor Deposition (CVD) CNTs were synthesized in large
amounts (Ravishankar, 2011). CVVD was regarded as the most suitable and cheap
technique for growing different types of CNTs under mild environment (Ahmad,
2016). CNTs have been produced by different sources of carbon ,Hydrocarbon
precursor is needed to produce CNTs using CVD method. Methane and acetylene
are the commonly used hydrocarbon (Kaviyarasu, 2011). Carbon monoxide,
soot and coal are other sources of carbon used to produce CNT (Haur, 2017). It is
difficult to prepare uniform samples of filled nanotubes. The surface of CNT
cannot attach to metal precursors due to its chemically ‘inert’ and hydrophobic
nature (Anvari, 2017).Thus, it is necessary to modify its surface to establish
efficient tube-matrix contacts. The wide distribution of diverse functional groups
like hydroxyl, carboxyl, and carbonyl on the surface of CNT can offer active sites
for metal ions to attach (Poonguzhali, 2017). Magnesium oxide (MgO) is
usually considered as a potential high surface-area material of CNTs. Nano scale
magnesium oxide has special physical and chemical activities due to its structure .
A lot of new techniques that can be used to prepare Nano-sized MgO particles
(Sufri, 2014). Nonetheless, there is need to examine the many parameters that
influence their production qualities” and yields. There are more areas to research
on the synthesis of CNTs and it can open way for the production of value-added
products like carbon nanotubes.It is urgently needed to look for an ecofriendly and
effective way to handle the organic contaminants in wastewater.Thus, it is
necessary to produce carbon nanotube magnesium oxide composite that is
efficient. The production and characterization of CNTs and MgO composites is
necessary. The actual areas of use for carbon nanotubes are currently very limited,

It is predicted that the largest field of application in the future will be composite

2



materials, which do not require as high purity and as well-defined characteristics as
with many electronics applications such as diodes.

1.2 Research Problem

The developments in semiconductor nanotechnology lead to new materials having
specific Properties, which can be considered for electronic applications such as
diodes, transistors and solar cells. This materials used in this filed in our country it
Is not available, very difficult synthesis and high cost. We shall search about
alternative local material it has low cost, easy treatment and available such as soot
and coal which can be used to synthesis carbon nanotubes to that have novel
thermal and mechanical properties which it can enhancement the performance of

electronics component.
1.3 Research objectives

1.3.1 General objective

Determination Optical and Structural Properties of carbon nanotubes doping by
magnesium oxide (MgO) from two sources coal and soot made by thermal Chemical

Vapor Deposition (CVD) method and used in  Multilayers diode.

1.3.2 Specific objectives

e To synthesis carbon nanotubes doping by magnesium oxide (MgO) from two
sources coal and soot by thermal Chemical Vapor Deposition (CVD)

e To determine the crystal structure and lattice parameters of carbon nanotube
doping by Magnesium Oxide using X-ray diffraction (XRD) technique.

e To measure the vibrational frequencies of bonds, and Functional Group using

Fourier transforms infrared spectroscopy (FTIR).



e To obtain the optical properties (absorbance, transmission, absorption
coefficient, extinction coefficient and optical energy band gap) using UV-
Visible Spectroscopy.

e To fabricate film multilayer by using spin coating technige.

e To find out the IV curve of diode multilayer.

1.4 Research methodology

Synthesizing carbon nanotube from coal and soot doping by magnesium oxide in

different molar (0.1, 0.3, 0.5, 0.7 and 0.9) by thermal Chemical Vapor Deposition

(CVD). X-Ray Diffraction (XRD) , Fourier Transform Infra-Red Spectroscopy

(FT-IR) and UV-Visible spectrometer were used to determine crystal structure and

lattice parameters respectively to specify  chemical bonds within atoms and

Functional Groups, to obtain optical properties and Finally, film multilayer study

was fabricated by using spin coating technige to study I-V characteristics of

prepared samples.

1.5 Layout of thesis

This research contain four chapter, chapter one introduction, while chapter two

concerned the theoretical background and previous studies. Chapter three explains

the materials and method, and chapter four explains the Results, Discussion and

the recommendation.



Chapter Two

Theoretical Background

2.1 Introduction

This chapter content of theoretical background about carbon nanotubes in details,
spectroscopy, diodes and previous studies.

2.2 Carbon

2.3 Nano carbon Material

Carbon is one of the essentialfoundational elements of all life (Krueger, 2010).
Carbon sources are any natural or artificial production site of carbon and any
chemical compounds composed of carbon, such as carbon dioxide and methane.
For example, the burning of fossil fuels, animal respiration, are all sources of
carbon (Kharisov, 2019). These sources are worldwide. Another increasingly
prevalent source of carbon is Plastics, micro plastics in particular (Gadipelli,
2017). when plastic degrades it releases carbon into soils, water, and the
atmosphere One of the most important sources of carbon is carbon from burning
wood and plants to produce charcoal and soot(Dai, 2001).

2.3.1 Fullerenes

Fullerene is a spherical carbon compound and is an allotrope of carbon such as
diamond, graphite and carbon nanotubes(Kuhlbusch, 1996). Fullerenes of C60,
C70 and C84 are well known. They are isolable carbon compounds in a sole
molecular species. the 60 carbon atoms consist of 12 five-membered rings and 20
six-membered rings. The most specific feature of fullerene is that it is an excellent
electron acceptor (Tandabany, 2009)

2.3.2 Graphene

Graphene, which is one of the Nano carbon materials, consists of all six-membered
rings with sp? (Delhaes, 2000). Since graphite is formed by combination of

5



graphene with van der Waals force. However, details of the properties were
unclear until late years. The interesting properties of graphite are due in large
measure to the strong semi metallic bonds between carbon atoms in plane layers
and to the relatively weak binding between planes. Thus graphite has a low vapor
pressure and approximately two-dimensional electrical and thermal
conductivity(Zondlo, 2012). It is easily deformed in slip on the basal plane, but in
polycrystalline form it is relatively strong at high temperature. graphene have
proved the particular characteristics of electronic, mechanical, and chemical
properties. The most characteristic feature of grapheme it is electrical property
(Chand, 2017).

2.3.3 Nano diamond

Diamond, an allotrope of carbon, has excellent hardness(Shenderova
,2012),coefficient of friction, thermal conductivity, insulation characteristics, and
refractive index. Large and highly pure diamond is good for use as
jewelry(Georgakilas, 2015). Furthermore, the major industrial application of
diamond is for cutting and polishing tools, because it is the hardest of natural
products. However, diamond is not workable enough because of its
hardness(Vaijayanthimala, 2009)

2. 4 Carbon Nanotubes

Carbon nanotube is long thin cylinders of graphite , it is made up of layers of
carbon atoms where every atom is connected evenly to three carbons arranged in a
hexagonal lattice (lijima, 1993). The layers themselves are not chemically bonded
to each other but held together by weak forces called Van der Waals.Carbon
nanotubes are one of the most commonly mentioned building blocks of
nanotechnology (Ma, 2008).With one hundred times the tensile strength of steel,

thermal conductivity better than all, but the purest diamond, and electrical



conductivity similar to copper, but with the ability to carry much higher currents
(Ebbesen, 1992). nanotubes come in a variety of type: long, short, single-walled,
multi-walled, and open, closed, with different types of spiral structure, etc. Each
type has specific using and applications especially in thermal conductivity and
nonlinear optics, it has distinctive properties like, mechanical and electrical
properties (Harris, 1997) ,The optical properties are important to be measured and
investigated accurately, is an optical material with a very wide optical transmission
.There are many other types of nanotube, from various inorganic kinds, such as
those made from boron nitride, to organic ones, such as those made from self-
assembling cyclic peptides (protein components) or from naturally-occurring heat
shock proteins (extracted from bacteria that thrive in extreme environments) (Kim,
2000).

2.5 Classification of carbon nanotubes

Carbon nanotubes are classified into two main forms:
2.5.1 Single-Walled Carbon Nanotube
Single-Walled Carbon Nanotube (SWCNT) consist of a roll of graphene sheet used

in forming a cylinder with diameters between 0.6nm and 3nm (Ganesh,
2013),These have fabricated in diameters different diameters of SWCNTs
determined by the range of temperature at which they synthesized and method.
Increasing temperature results in larger-sized (wider) SWCNTSs have incorporated
(Lee, 1997). The structure of SWCNTs may vary and may either be zigzag, helical,
armchair or chiral arrangement. The surface area of SWCNTSs is also considerably
higher, at 1300 m?/g , which makes it ideal for nano-robotics and future of

medicine administering (ljima ,1992).



2.5.2 Multi-Walled Carbon Nanotube

Made of multiple rolls of cylinder with diameters between 10nm to 50nm it is have
high physical, mechanical, and electrical activities. MWCNTSs are weakly bounded
by Van der Waals interactions in a tree ring-like structure (Ganesh ,2013). The
most extreme can be made up of up to several hundred concentric cylinders with a
typical distance between the layers of rapheme of ~ 0.34 nm Even if carbon
nanotubes are generally categorized into these two groups, each group can consist
of a complex mixture of tubes of varying length, diameter, crystalline structure,

surface chemistry(Charlier, 1999).

SWCNT M\x:CNT
Fig (2.1): Single-Walled Carbon Nanotube (SWCNT), Multi-Walled Carbon Nanotube
(MWCNT) (Charlier, 1999).

2.6 Synthesis methods for CNT

Generally, three techniques are being used for producing CNTs(Danikiewicz,
2013):

2.6.1 Laser ablation(LA)

LA it is a technique that using to production carbon nanotubes (Becker, 1997).The
basic principle of LA is very simple and easy to perform. The specialty of this
method is to use a laser source (Matsu, 2018).The setup consists of a reaction
chamber in a quartz tube mounted in an adjustable hinged tube furnace/oven.
Based on operator request, a target rod (either pure graphite for MWCNTS or metal

graphite mixture for SWCNTSs) is placed at middle high-temperature zone



(WanderWal, 2003).The quartz tube is then sealed at downstream end to pump. An
inert gas or mixed gas composite is then entered the quartz tube at the upstream
side of the tube. The pressure controller at downstream side is controlled to feed
gas flow into the tube. A laser source like ND:YAG is then entered the quartz tube
and is placed in such a way that it directly focuses onto the target rod at the middle.
The laser power evaporated the target rod and produced many scattered carbon
species.The inert gas or its composite flows sweep the carbon species to deposit
them in a collector at the downstream of the tube. Before the inert gas escaped
from the tube, it enters a water-cooled collector and filter to deposit CNTs (Ka,
2016).

2.6.2 Arc discharge(AC)

It is a common and simple method to synthesize CNTs, and it was initially
practiced for the synthesis of fullerenes.The method synthesizes CNTs with
mixture of components like carbonaceous particles and metal catalysts, and hence,
product purification is a must(Batani, 2014),In this method, a high current is
applied through two graphite electrodes anode and cathode in a closed chamber.
Plasma of inert gas is ignited at high temperature and low pressure into the
chamber (Das, 2016). The two graphite electrodes are placed face to face with a
gap. The applied current produces small carbon fragments by disrupting graphitic
carbon networks in positive anode electrode. The fragments are then
simultaneously deposited on the negative cathode electrode.Thus, the length of
negative anode is decreased with the initiation of CNT production on the positive
cathode electrode.Thus, the length and compositions of anode are directly
proportional to the formation of CNTs on cathode electrode. The carbon nanotubes
grow on the cathode while the anode is consumed (Mirabile , 2006).Carbon atoms
are vaporized due to high temperature and pressure and released from anode
graphite rod in the form of small carbon cluster  subsequently, this cluster is
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deposited on a precursor or metal surface catalyst on cathode electrode surface and
rearranged them into microtubule-like CNT structure. However, the formation of
desire CNTs (either SWCNTs or MWCNTS) largely depends on the inert gas,
temperature, current, and catalysts used in the discharge chamber (Gattia, 2006) .
2.6.3 Chemical vapor deposition(CVD)

Chemical vapor deposition(CVD) is a deposition process where chemical
precursors are transported in the vapor phase to decompose on a heated substrate to
form a film. The films may be epitaxial, polycrystalline or amorphous depending
on the materials and reactor conditions(Yaceman, 1993).CVD has become the
major method of film deposition for the semiconductor industry due to its high
throughput, high purity, and low cost of operation. CVD is also commonly used in
optoelectronics applications, optical coatings, and coatings of wear resistant
parts(Vohs ,2006). CVD is based on the thermal decomposition of gaseous
hydrocarbon in the presence of a metal catalyst such as iron, cobalt, nickel or
yttrium. Gases containing carbon such as carbon dioxide,methane, and acetylene
are led into an oven to be heated up. The heated gas reacts with the metal catalyst,
which also acts as a “growth seeds”. Ethylene, benzene or xylene can also be used
in the manufacturing process. With CVD, both MWCNT and SWCNT are
produced, CVD has many advantages over physical vapor deposition (PVD)
processes such as molecular beam evaporation and sputtering. Firstly, the pressures
used in CVD allow coating of three dimensional structures with large aspect ratios.
Since evaporation processes are very directional, PVD processes are typically line
of sight depositions that may not give complete coverage due to shadowing from
tall structures. Secondly, high precursor flow rates in CVD give deposition rates
several times higher than PVD. Also, the CVD reactor is relatively simple and can
be scaled to fit several substrates. Ultra-high vacuum is not needed for CVD and
changes or additions of precursors is an easy task. Furthermore, varying
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evaporation rates make stoichiometry hard to control in physical deposition. While
for CVD stoichiometry is more easily controlled by monitoring flow rates of
precursors(Hatton, 2008). Other advantages of CVD include growth of high purity
films and the ability to fabricate abrupt junctions, The CVD method involves many

of techniques:
2.6.3.1 Plasma Enhanced CVD (PECVD)

A plasma is a partially ionized gas consisting of electrons and ions. Typical
ionization fractions of 10-5 to 10-1 are encountered in process reactors. Plasmas
are electrically conductive with the primary charge carriers being the electrons, The
light mass of the electron allows it to respond much more quickly to changes in the
field than the heavier ions. Most plasmas used for PECVD are generated using
electric field. In the high frequency electric field, the light electrons are quickly
accelerated by the field but do not increase the temperature of the plasma because
of their low mass. The heavy ions cannot respond to the quick changes in direction
and therefore their temperature stays low. Electron energies in the plasma have a
Maxwell lan distribution in the 0.1 — 20 eV range. These energies are sufficiently
high to excite molecules or break chemical bonds in collisions between electrons
and gas molecules. The high energy electrons in elastically collide with gas
molecules resulting in excitation or ionization. The reactive species generated by
the collisions do not have the energy barriers to reactions that the parent precursors
do. Therefore, the reactive ions are able to form films at temperatures much lower
than those required for thermal CVD (Varshney, 2014).

2.6.3.2 Thermal chemical vapor deposition

There are two basic types of reactors for thermal CVD: the hot wall reactor and the
cold wall reactor.a hot wall reactor is an isothermal furnace into which the

substrates are placed. Hot wall reactors are typically very large and depositions are
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done on several substrates at once. Since the whole chamber is heated, precise
temperature control can be achieved with correct furnace design(kim, 2011). A
disadvantage of the hot wall configuration is that deposition occurs on the walls of
the chamber as well as on the substrate. As a consequence, hot wall reactors must
be frequently cleaned to reduce flaking of particles from the walls which may
contaminate the substrates. Furthermore, reactions in the heated gas and at the
walls deplete the reactants and can result in feed rate limited growth.

In a cold wall reactor only the substrate is heated, usually by induction or radiant
heating. Since most CVD reactions are endothermic, deposition is preferentially on
the area of highest temperature. As a result, deposition is only on the substrate and
the cooler reactor walls stay clean. Cold wall CVD has two main advantages over
the hot wall configuration. First, particulate contamination is reduced since there
are no deposits formed on the walls of the reactor. Second, since decomposition
only occurs on the substrate there is no depletion of source gases due to reaction on
the walls. However, hot wall reactors tend to have higher throughput since the
designs more easily accommodate multiple wafer configurations(Tiwari, 2016) .
2.7 Properties of carbon nanotubes

The strength of the carbon- bonds gives carbon nanotubes amazing properties(Ali
,2014). No previous material has displayed the combination of superlative
properties such as;

2.7.1 Physical and chemical properties

Carbon nanotubes are relatively stable and can be heated to above 500°C before
they oxidize and burn up, Due to their structure, carbon nanotubes have a very high
surface area compared to their mass. The ratio of surface area and mass of the
tubes depends on their diameter and the degree to which they form bundles
(Dresselhaus, 1998). Individual SWCNT have a ratio (area to mass) of about 1300
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m?/g , while MWCNT typically have a ratio of around a few hundred m?/g .
Because SWCNT form themselves into bundles, the effective ratio of surface area
and mass is often smaller or around ~ 300 m?/g .The density of carbon nanotubes
in powder form is very low and is dependent on the method of manufacture
(Hussein , 2017).

2.7.2 Electrical

Carbon nanotubes are both electrically conductive and semiconductors. The
electrical characteristics of the tubes are primarily determined by their chiral angle,
but for tubes with a small diameter also by their surface curvature. Theoretically,
metallic carbon nanotubes can conduct electricity with a density that is 1,000 times
greater than metals such as copper (Misewich, 2003). The electrical resistance of
the tubes is determined by quantum mechanical phenomena and is independent of
the tubes’ length. There are many applications for the use of carbon nanotubes as
electrical components. For example, diodes could be produced by merging
SWCNT that have different electrical properties. It has also been shown that the
electrical properties of the tubes change during deformation and stretching. This
further increases the potential for the use of carbon nanotubes in electromechanical
components such as sensors (Johannsen ,2016) .

2.7.3 Mechanical properties

The strength of the carbon- bonds gives carbon nanotubes amazing mechanical
properties one of the carbon nanotubes’ coveted properties is that they have
extreme strength. Single-walled carbon nanotubes are said to be around 10 times
stronger than steel and 1-2 times stiffer (axial) than diamond and are considered to
be one of the stiffest materials (ZH ,2007) , High mechanical (elasticity ~1 TPa and
tensile strength 50-500 GPa) Its excellent mechanical properties come from the

strong covalent bonds (sp? hybrids) that connect the carbon atoms in the rapheme
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structure. Carbon nanotubes are not only strong, they are also elastic. You can
press on the tip of a nanotube and cause it to bend without damaging to the
nanotube, and the nanotube will return to its original shape when the force is

removed. A nanotube’s elasticity does have a limit (Goudal ,2013).
2.7.4 Thermal Properties

The strength of the atomic bonds in carbon nanotubes allows them to withstand
high temperatures. Because of this, carbon nanotubes have been shown to be very
good thermal conductors thermal stability (>700 °C). When compared to copper
wires, which are commonly used as thermal conductors, the carbon nanotubes can
transmit over 15 times the amount of watts per meter per Kelvin(Wong,1997). The
thermal conductivity of carbon nanotubes is depended on the temperature of the
tubes and the outside environment Thermal Conductivity. The researches indicates
that CNTs may be the best heat-conducting material man has ever known. Ultra-
small SWNTSs have even been shown to exhibit superconductivity (Hone ,2000)
2.7.5 Optical Properties

The optical properties of the carbon nanotubes indicate between light and matter
(Chen , 2005). From an industrial standpoint, optical properties are of great
Importance, as they can contribute to determining the quality of the carbon
nanotubes produced, by determining the carbon content, and in the detection of
structural defects. The optical properties of carbon nanotubes are expected to be
harnessed in the field of light-emitting diode and optical detectors (Singh
,2017).The peculiarities of these applications are not in their efficiency, as they are
still weak, but rather in their selectivity for the emission and detection
wavelengths, and in the possibility of improving them by means of the nanotube
structure (Freitag , 2003).

14



2.8 X-ray Diffraction and Bragg’s Law

X-ray diffraction (XRD) is a powerful nondestructive technique for characterizing
crystalline materials, X-ray as a source to interact with carbon nanotubes gives
details of characterization (Habeb, 2019).It can be reveal the local and global
features of microstructure’s lattice and crystalline phases, domain Sizes, and
impurities.It provides information on structures, phases, preferred crystal
orientations (texture), and other structural parameters, such as average grain size,
crystallinity, strain, and crystal defects.X-ray diffraction peaks are produced by
constructive interference of a monochromatic beam of X-rays scattered at specific
angles from each set of lattice planes in a sample(Dasa, 2015).The peak intensities
are determined by the atomic positions within the lattice planes. Consequently, the
X-ray diffraction pattern is the fingerprint of periodic atomic arrangements in a
given material. An online search of a standard database for X-ray powder
diffraction patterns enables quick phase identification for a large variety of
crystalline samples considered Qualitative Analysis X-ray diffraction is the elastic
scattering of x-ray photons by atoms in a periodic lattice. The scattered
monochromatic X-ray that are in phase give constructive interference.X-ray
techniques provide one of the non-destructive methods of measuring residual
stresses. X-ray stress (strain) analysis is based on the Bragg diffraction equation
(Zheng, 2004).

n) =2dsin® (2.1)

where n is an integer (diffraction order), A the wavelength of the incident X-ray, d
the interplanar spacing of the polycrystalline material under consideration, and ©

Is the Bragg angle
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Figure (2.2) illustrates how diffraction of x-rays by crystal planes allows one to derive

lattice spacings by using the Bragg's law (Zheng, 2004).
2.9 Miller indices
Used to specify directions and planes, the directions and planes could be in lattices
or in crystals This scheme advantage of eliminating all fractions from the notation
for a plane. In the hexagonal system, which has four crystallographic axes, it is
group of three numbers that indicates the orientation of a plane or set of parallel
planes of atoms in a crystal. If each atom in the crystal is represented by a point
and these points are connected by lines, the resulting lattice may be divided into a
number of identical blocks, or unit cells; the intersecting edges of one of the unit
cells defines a set of crystallographic axes, and the Miller indices are determined
by the intersection of the plane with these axes. The reciprocals of these intercepts
are computed, and fractions are cleared to give the three Miller indices (hkl) (
Hammond, 2015).
Top of Form
2.10 Bravais Lattice
There are several ways to describe a lattice. The most fundamental description is
known as the Bravais lattice. In words, Bravais lattice is an array of discrete points
with an arrangement and orientation that look exactly the same from any of the
discrete points that is the lattice points are indistinguishable from one another.
Thus Bravais lattice can refer to one of the of fourteen different types of unit cells

that a crystal structure can be made up.
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2.11 Type of Bravai’s Lattices

Out of fourteen types of Bravai's lattices,seven types of Bravais lattices in three-
dimensional, the letters a, b, and ¢ have been used to denote the dimensions of the
unit cells whereas the letters a, B, and y denote the corresponding angles in the
unit ( Moeck ,2018).

2.11.1 Cubic Systems

In Bravais lattices with cubic systems, the following relationships can be observed
a=b=c a=pB=y=90°

Figure (2.3) The three possible types of cubic cells have been illustrated(Li, 2015).
2.11.2 Orthorhombic Systems
The Bravais lattices with orthorhombic systems obey the following equations a # b

+c a=pB=y=90°

Figure (2.4) The four types of orthorhombic systems(Li, 2015).
2.11.3 Tetragonal Systems

In tetragonal Bravais lattices, the following relations are observed a=b # ¢
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Figure (2.5) The two types of tetragonal systems(Li, 2015).
2.11.4 Monoclinic Systems
Bravais lattices having monoclinic systems obey the following relations: a #b # ¢
B =y=90°and a #90°

Figure (2.6) The two possible types of monoclinic systems(Li, 2015).
2.11.5 Triclinic System
There exists only one type of triclinic Bravais lattice, which is a primitive cell. It

obeys the following relationship a # b # c and a # B #y # 90°
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Figure (2.7) Simple type of triclinic cell(Li, 2015).
2.11.6 Rhombohedral System
Only the primitive unit cell for a rnombohedral system exists. Its cell relation is

given by: a=b=canda=B8=y#90°

N A
"/ / ‘.B /n
Nk X
Figure (2.8) Type of primitive rhombohedral cell(Li, 2015).
2.11.7 Hexagonal System
The only type of hexagonal Bravais lattice is the simple hexagonal cell. It has the

following relations between cell sides and anglesa=b#c anda = 8 = 90° and y

=120° (Li, 2015).
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Figure (2.9) Simple type of hexagonal cell(Li, 2015).
2.12 UV-Vis Spectroscopy
It is the investigation and measurement of spectra produced by matter interacting
with electromagnetic radiation.lt is defined by the study of the interaction between
matter and electromagnetic radiation The electromagnetic spectrum come short and
long wavelength 10*nm to 10°nm ,It is a field of analysis that uses the interaction
of light to analyze and detect components within a sample. Light is shone and
dispersed through the sample’s compounds are excited by the electromagnetic
radiation provided by a light source.Their molecules absorb energy from the
electromagnetic radiation, become excited, and jump from a low energy ground
state to a higher energy state of excitation. A detector, usually a photodiode, On the
opposite side of the sample records the sample’s absorption of wavelengths, and
determines the extent of their absorption and creates a spectrum,which is unique to
each compound of a different wavelength than the source’s wavelength.Which can
used to determine the components, mass and luminosity of the sample (Donald,
2015).
2.13 Optical Properties
Optical methods are very useful for determination optical properties of material
such as absorption, transmission, reflection and optical energy band gab (Heavens,
1991).
2.13.1 Absorption
When a light beam impinged the surface of a material, part of the incident beam
that is not reflected by the material is transmitted or absorbed through the

material( Slavik, 1989) .
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[ = Igexp(—Bx) (2.2)
where I=intensity of the beam coming out of the material lo= intensity of the
incident beam x= path through which the photons move, and B= linear
absorption coefficient.
2.13.2 Transmission
The phenomena transmission is the passing of electromagnetic radiation through a
materil ,the material which have high value of absorption have small value of
transmission and vies versa (dewit, 2013 ).
T=1

Io
T = transmission,lo= intensity of the incident beam,l=intensity of the beam coming out of the
material (2.3)

2.13.3 Absorption Coefficient

Different semiconductor materials have different absorption coefficients. Materials
with higher absorption coefficients more readily absorb photons, which excite
electrons into the conduction band. The absorption coefficient a measure of rate
decreases in the intensity electromagnetic radiation when it pass through substance
and much of the information about the properties of material obtain when the
interact with electromagnetic radiation (Yosef, 2003).

Experimentally, the absorption coefficient (o) can be calculated from the relation:
_py\2
a = In[E=2

“In[2] (2.4)

where t is the sample thickness, T and R are the transmission and reflection. But

if you don't have T and R and you have Absorbance, then:
o = 23037 (2.5)
where a is absorption coefficient , (A) is absorbance and (t) is thickness of thin

film.

From Beer Lambert law
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[ =1,exp(aXxt) (2.6)

thus,

In (Io/l) = a xt

a = (2.303*A)/ t

where lo=incident intensity ,I= transmitted intensity, o = absorption coefficient ,t
= Thickness of the material ,A= absorbance

2.13.4 Extinction coefficient

Extinction coefficient measure of how strongly a substance absorb light at a

particular wavelength .1t is related to the absorption coefficient by (Andrew,

2004).
_ o
K== 2.7)

where a 1s the absorption coefficient, k is the extinction coefficient, and A is the
wavelength in vacuum, where X is the wavelength. If A is in nm, multiply by 107 to
get the absorption coefficient in the units of cm™.
2.13.5 Optical Energy Band gap
Band gap, also called an energy gap, is an energy range in a solid where no
electronic states can exist. The band gap generally refers to the energy difference
(in electron volts) between the top of the valence band and the bottom of the
conduction band in insulators and semiconductors. The optical energy gap (E,) has
been calculated by the relation

(ohv)* = C(hv — Ej )
(2.8)
where (C) is constant. By plotting (c¢hv)? vs photon energy (hv) ( Comfort, 2016 ) .
2.14 Semiconductor

Using in the manufacture of various kinds of electronic devices, including diodes,
transistors, and integrated circuits. The study of semiconductor materials began in
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the early 19th century. The elemental semiconductors are those composed of single
species of atoms, such as silicon (Si), germanium (Ge), and tin (Sn) in column IV
and selenium (Se) and tellurium (Te) Such devices it is found wide application
because of their compactness, reliability, power efficiency, and low cost. As
discrete components, it is found use in power devices, optical sensors, and light
emitters, including solid-state lasers .It is a wide range of current- and voltage-
handling capabilities and, more important, lend themselves to integration into
complex but readily manufacturable microelectronic circuits, and will be in the
foreseeable future, the key elements for the majority of electronic systems, serving
communications, signal processing, computing, and control applications in both

the consumer and industrial markets(Seeger, 2013).
2.15 Diode

The diode is one of the most important basic components in integrated
circuit(Chen, 2016) and is one of the most ubiquitous electronic components and
made of semi-conductive materials such as silicon and germanium, it have been
intensively studied over the past century (Semple, 2009).

2.15.1 Diode PN Junction Structure

Diode is a device consisting of the junction of an n-type and p-type semiconductor
material. The wire connected to the p-type material is called the anode and the lead
connected to the n-type material is the cathode. In general, the cathode of a diode is
marked by a solid line on the diode .

2.15.2 PN junction diode in forward bias

The positive terminal of the battery is connected to the P side (anode) and the
negative terminal of the battery is connected to the N side (cathode) of the diode,
holes in the p-type region and electrons in the n-type region are pushed towards the

junction and begin to neutralize the depletion region, reducing the
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displayed.Positive potential applied to a p-type material repels holes, while a
negative potential applied to an n-type material repels electrons.The change in
voltage between the p side and the n side decreases or switches the signal. As the
forward bias voltage increases, the depletion region eventually becomes thin
enough that the electric field of the region cannot counteract the movement of the
charge carrier across the p-n junction, reducing the electrical resistance as a result.
Electrons crossing the p—n junction into a p-type material (or holes crossing into an
n-type material) will propagate into the near neutral region.The amount of minority
diffusion in the quasi-neutral regions determines the amount of current that may
flow through the diode( safa, 2001).

2.15.3 PN junction diode in reverse bias

The positive terminal of the battery is connected to the N side (cathode) and the
negative terminal of the battery is connected to the P (anode) side of the
diode.Therefore, very little current will flow for the diode to break down.The
positive terminal of the battery is connected to the N side (cathode) and the
negative terminal of the battery is connected to the P (anode) side of the diode, and
the 'holes' in the p-type material are pulled away from the junction, leaving behind
charged ions and causing an increase in the width of the area depletion; Similarly,
since the n-type region is attached to the positive terminal, the electrons will also
be pulled away from the junction, with the same effect.This increases the voltage
barrier resulting in a high resistance to the flow of charge carriers, allowing a
minimum electric current to cross the pn junction. An increase in the junction

resistance p n causes the junction to act as an insulator ( safa, 2001).
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2.15.4 Types of diode

Zener diod: It works as a normal diode in forward bias, but it differs from a
regular diode in reverse bias as it is designed to have a breakdown voltage
greater than that of a regular diode (Gupta, 2017).

Light diode: The light radiates when it is delivered in the forward direction
(Marais, 2008).

Photodiodes: It is affected by light, the more light, the greater the current
(Lischke, 2015) .

Varactor diode: It is connected in the reverse direction and is called a
capacitive diode, as the capacitance changes with the voltage applied to it
(Liu, 2014) .

Schottky diode : It is uses less volts, and its disadvantages are small
current(Chen, 2011)

Current Flow i Ammeter

Voltage : v <V>
s Voltmeter

=

Figure (2.10) PN junction diode in forward bias( safa, 2001).
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2.16 1-V Curve

The 1-V Characteristic Curves, which is short for Current-Voltage Characteristic

Curves or simply I-V curves of an electrical device or component, are a set of

graphical curves which are used to define its operation within an electrical circuit.

As its name suggests, I-V characteristic curves show the relationship between the

current flowing through an electronic device and the applied voltage across its

terminals.The relationship between voltage and current is linear and constant at a
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constant temperature, such that current (I) is proportional to the potential
difference V multiplied by the proportionality constant. However, practical
resistors may exhibit nonlinear behavior under certain conditions, for example,
when exposed to high temperatures.There are many electronic components and
devices that have non-linear properties, that is, the V / | ratio is not constant like
the diodes, transistors and solar cells. Semiconductor diodes have the
characteristics of non-linear current and voltage as the current flowing through the
forward-biased common silicon diode is limited by the resistance of the
junction.When the diode is forward biased, anode positive with respect to the
cathode, a forward or positive current passes through the diode and operates in the
top right quadrant of its I-V characteristics curves as shown in figure (2.11).
Starting at the zero intersection, the curve increases gradually into the forward
quadrant but the forward current and voltage are extremely small.The current-
voltage characteristics of an electronic component tells us much about its operation
and can be a very useful tool in determining the operating characteristics of a
particular device or component by showing its possible combinations of current

and voltage, and as a graphical aid can help visually understand better what is

J

happening within a circuit (LI, 2020 ).

Current
.
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Figure (2.11) I-V Curve of a Diode (LI, 2020 ).
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2.17 Magnesium Oxide

Magnesium Oxide is a highly insoluble thermally stable Magnesium source
suitable for glass, optic and ceramic applications.It is a hygroscopic white powder
that forms magnesium hydroxide in the presence of water, historically known as
magnesia alba (white mineral from Magnesia). Oxide compounds are not
conductive to electricity.However, certain perovskite structured oxides are
electronically conductive finding application in the cathode of solid oxide fuel cells
and oxygen generation systems.They are compounds containing at least one
oxygen anion and one metallic cation.They are typically insoluble in aqueous
solutions (water) and extremely stable making them useful in ceramic structures as
simple as producing clay bowls to advanced electronics and in light weight
structural components in aerospace and electrochemical applications such as fuel
cells in which they exhibit ionic conductivity. Metal oxide compounds are basic
anhydrides and can therefore react with acids and with strong reducing agents in
redox reactions. Magnesium Oxide is also available in different forms such as
pellets, pieces, powder, sputtering targets, tablets, and nano powder. There are
many methods to synthesize magnesium oxide nanoparticles like hydrothermal
method chemical method sol-gel method combustion method and electro spinning
method (Wang, 2020 ).

2.18 Previous studies
2.18.1 Doping Effect of CNT and Nano-Carbon in Magnesium
Diboride Bulk

In thise work Hyung was fabricated carbon nanotube (CNT) - and nano-carbon
(NC)-doped MgB,using an in-situ process in order to improve the critical current
density (Jc) at high magnetic field. Then evaluated the effects of the doped carbon

content on phase formation, microstructure, and critical properties. CNT had a
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diameter and length of 5-10 nm and 0.5-1 m, respectively, and NC was a sphere
with diameter of 5-30 nm. The bulk MgB, samples with x=0, 0.05, and 0.1 for NC
and CNT were fabricated by pressing into pellets and then sintered at 900°C for
30 min. NC was more effective than CNT for carbon doping at the B site in
MgB, and, therefore, the NC-doped MgB2sampleshad a lower critical temperature
(Tc) of 35.0-34.7 K than that of the CNT-doped samples (36.4-36.1 K). In
addition, the J.(B) behavior was improved when NC and CNT were doped due to
doping effect.Microstructural observation suggested that the nano-sized and
unreacted NC particles and the Nano domain MgB, acted as effective flux pinning
centers for the NC- and CNT-doped MgB,, respectively (Hyung, 2009).

2.18 .2 Comparison of electrical and optical behaviors of MEH-PPV
and MEH-PPV/CNT blend based polymer light emitting diodes

Thise work done by T. A. Shahul Hameed to study the effect of incorporating nano
materials to emissive polymer has been a matter of active research in polymer
displays. The imbalance between electron and hole mobilities can be substantially
reduced by the use of single wall carbon nano tube (SWCNT) with MEH-PPV.This
work is a comparative study between two sets of devices-one with MEH-PPV and
the other with a blend of MEH-PPV and carbon nanotubes as emissive materials.
The electrical and optical characteristics studied by fabricating the devices show
better turn on and operating performance for the device with nano blend. It will
have a better switching speed due to fall in impedance and better balance between
electron and mobility. (Shahu, 2011)

2.18.3 Properties of Single-Walled Carbon Nanotube-Based
Poly(phenylene vinylene) Electroluminescent Nanocomposites

In this paper devices with varying concentrations of single walled carbon

nanotubes (SWNTS) dispersed in three derivatives of poly(p-phenylene vinylene),
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and their electroluminescent properties evaluated.Increasing the concentration of
SWNTSs improves the electrical conductivity of the Nano composites. However, an
undesired increase in the electroluminescence (EL) turn-on voltage is observed for
the hybrids, possibly due to photoluminescence quenching of excisions by the
SWNTs. At relatively low concentrations of SWNTS, there is an increase in the EL
lifetime; in contrast, at relatively high concentrations of SWNTSs, due to
photoluminescence quenching by the nanotubes, significant reduction in brightness
and faster degradation of the EL performance of the devices is observed inylene)

Electroluminescent Nanocomposites (Abdulbaki, 2011).

2.18.4 Synthesis and characterization studies of cadmium doped

MgO nanocrystals for optoelectronics application

In this paper, examination progress by using the Nano materials for several
predominantly photonics device fabrication by auto combustion method, it is facile
method to prepare high quality MgO and Cd doped magnesium Nano crystals, has
been achieved.It is safer, easier to perform, and more cost effective than the
chemical vapor. Il — VI semiconductor Nano crystals are recently developed class
of Nano materials whose unique photo-physical properties are helping to create a
new generation in the field of photonics and microelectronics.The XRD data
indicate that MgO and Cd doped magnesium nanoparticles exhibit lesser defective
crystalline internal perfection.The quality of the Nano crystals was visualized by
observing the surface morphology using SEM studies.Owing to all these properties
the synthesized Nano crystals could be promising materials for modern materials

design(Kaviyarasu, 2011).
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2.18.5 Charge Transfer Properties in MEH-PPV/PS:MWCNTSs

Nanocomposites

thise work study effect of composition and annealing temperature on charge
transfer properties, in a donor/acceptor nanoc Magnesium Oxide is a highly
insoluble thermally stable Magnesium source suitable for glass, optic and ceramic
applications.lIt is a hygroscopic white powder that forms magnesium hydroxide in
the presence of water, historically known as magnesia alba (white mineral from
Magnesia). Oxide compounds are not conductive to electricity.However, certain
perovskite structured oxides are electronically conductive finding application in the
cathode of solid oxide fuel cells and oxygen generation systems. They are
compounds containing at least one oxygen anion and one metallic cation.omposites
based on poly(2-methoxy-5-(2-ethyhexyl-oxy)-p-phenylenevinylene) (MEH-PPV)
and MWCNTs functionalized with Polystyrene (PS:MWCNTSs), have been
investigated. The quenching of photoluminescence (PL) intensity of pure MEH-
PPV, by adding different amounts of functionalized carbon nanotubes, exhibits that
a photoinduced charge transfer has been occurred.Charge transfer efficiency was
obtained for an acceptable concentration of PS:MWCNTSs about 0.5 wt% and at
annealed temperature of about 80°C.Quenching efficiency studies imply that
MEH-PPV/PS:MWCNTSs nanocomposites reveal a high degree of PL quenching,
reaching a value of n=76.9%  (Chehata , 2012).

2.18.6 High Luminance Organic Light-Emitting Diodes with
Efficient Multi-Walled Carbon Nanotube Hole Injectors

thise paper by Shengwei reported about high luminance organic light-emitting
diodes by use of acid functionalized multi-walled carbon nanotube (MWCNTS) as
efficient hole injector electrodes with a simple and solution processable device

structure. At only 10 V, the luminance can reach nearly 50,000 cd/m? with an
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external quantum efficiency over 2% and a current efficiency greater than 21
cd/A.The investigation of hole-only devices shows that the mechanism for hole
injection is changed from injection limited to bulk limited because of the higher
effective work function of the anode modified by the MWCNTSs. Were expect the
enhancement of the local electric field brought about by both the dielectric
iInhomogeneities within the MWCNT containing anode and the high aspect ratio
carbon nanotubes, improves hole injection from the anode to organic active layer at

much lower applied voltage (Shi, 2014).
2.18. 7 Comparative Study of Deposit through a Membrane and

Spin-Coated MWCNT as a Flexible Anode for Optoelectronic
Applications

The aim of this study comparative between multiwalled carbon nanotubes
(MWCNTS) thin films deposited on polyethylene terephthalate (PET) substrates
using spin-coating technique and deposition through a membrane. Were deduce
from transparence, electrical properties, and AFM image that deposition through
membrane presents better properties than spin-coating method. The concentration
comparison shows that the optimum result was achieved at a concentration of
1.2 mg-mL corresponding to a resistance ( Rs) of 180 Q-cm2and an optical
transparence of about 81% using a wavelength 550 nm. And will also
demonstrate the use of the elaborated electrodes to fabricate the following flexible
structure: PET-MWCNTS/MEH-PPV/AIL. The series resistance( R and the
ideality factor were calculated (Aloui, 2016).

30



2.18.8 Enhanced Structural, Thermal, and Electrical Properties of
Multiwalled Carbon Nanotubes Hybridized with  Silver

Nanoparticle

The aim of this study is to evaluate the structural, thermal, and electrical properties
of multiwalled carbon nanotubes (MWNT) hybridized with silver nanoparticles
(AgNP) obtained via chemical reduction of aqueous silver salt assisted with
sodium dodecyl sulphate as stabilizing agent.Among the various metal Nano
particle like silver nanoparticles has been excellent properties which make them
desirable for use in biosensors,catalysts, antimicrobial agents,optical limiters,metal
adsorbents and advanced composites.One of the major applications of CNT is as
active elements in field-effect trans, the threshold voltage of CNT-based field
emitters can reach as low as 4.6 V, unlike diamond-based ones which have a
threshold voltage 40 V. For this reason appealing to integrate CNT with metal
nano particle to produce CNT-based field emitters with lower threshold voltages
and higher amplification factors.This study found the MWNT-Ag hybrids have
enhanced the structural, thermal,and electrical characteristics of pristine MWNT
using FTIR, TEM, and SEM (Yusof, 2016).

2.18.9 Carbon Nanotubes -Reinforcing MgO-Doped Al.O3

Nanocomposites

This work done by Iftikhar Ahmad, Uniform dispersion of CNTs during the
manufacturing of CNT-reinforced MgO-doped alumina Nano composites has been
achieved.The resulting of nancomposites were appraised by combined techniques,
SEM, XRD and micro hardness testing MgO doped Nano composite exhibited
14% higher hardness as compared to pressure less sintered un doped samples, and
MgO-doped Nano composite manufactured by hot pressing exhibited higher
mechanical properties 11% increase in density and 12% increase in hardness as
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compared to those prepared by pressure less sintering. After the high temperature
sintering, the CNTs not only maintained their original shape and structural
characteristics but also exhibited a good interface connection with the Al,O;
matrix. MgO and CNTs were observed to cumulatively participate in producing

Nano composites with a uniform and fine grain structure (Ahmad ,2016).

2.18.10 Magnesium Oxide (MgO) pH-sensitive Sensing Membrane
in Electrolyte-Insulator-Semiconductor Structures with CF4 Plasma

Treatment

Magnesium oxide (MgO) sensing membranes in pH-sensitive electrolyte-
insulator-semiconductor, structures are fabrication on silicon substrate. To optimize
the sensing capability of the membrane,the sensing material is one of the key
factors in the device sensing applications, sensing membrane in the ISFET (ion-
sensitive field-effect transistors) based devices plays a major role in the sensing
performance, there for still some material related problems that may cloud future
development of the ISFET-based sensors.The result showing using by FESEM,
XRD, AFM, and SIMS it is demonstrated as good sensing flm materials and the
experimental data approve that the ISFET-based sensors incorporating some
materials can achieve excellent sensing (Haur, 2017).

2.18.11 Effect of nano-carbon percentage on properties of composite
material

This work investigated the effect of carbon nanotubes and nanoparticles in various
composite materials using equations and experimental data. To determine the best
amount of Nano-carbon in composite materials. The best percentage of Nano-
carbon can be defined as the amount that causes an increase in some of the useful
materials’ properties to the highest level. These useful characteristics may be
Young’s modulus, tensile strength, yield strength, and fatigue life. In the presented
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research, by using the experimental data and applying analytical method, equations
are developed to determine the best amount of Nano carbon in composite materials
including CNT, epoxy SC-15 with MWCNT-COOH, glass fiber reinforced
polymer, and graphene Nano composites.Based on the results of this study using
scanning electron microscopy (SEM) to microstructural investigations and Fourier
Transform Infrared (FTIR) spectroscopy were used for further investigation of the
effect of MWCNTs on the GFRP composite” , it appears that the best amount of
Nano-carbon for every composite material is different (Anvari, 2017).

2.18.12 Synthesis and Characterization of Ce Doped MgO
Nanocrystals

This study demonstrates the effect of Ce on the structural, morphological, and
optical properties of MgO nanostructures through a simple chemical precipitation
method. Currently considerable interest in Nano crystalline oxide materials exists
owing to their unusual properties, among these Magnesium Oxide (MgO) has
many potential applications in almost all the areas both industrial and commercial
purposes .Thermal analysis results Ce doping by MgO revealed that 450°C could
be the optimum level of annealing for the harvest of pure phase of MgO. Further,
the products annealed at 450°C were analyzed for their structural, optical,
morphological and magnetic properties.The result obtained products using X-ray
diffraction (XRD), scanning electron microscope (SEM),thermo gravimetric and
differential thermal analysis (TG-DTA) and UV diffused reflectance spectroscopy
(UV DRS) and FTIR spectra confirmed the formation of the MgO
nanostructures.The results show that cerium atoms have been successfully
incorporated into the crystal lattice of MgO with cubic structure and MgO particles

thus obtained have hierarchical structures with high purity (Poonguzhali, 2017).
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2.18. 13 Incorporating aligned carbon nanotube electrode arrays in

organic thin-film transistors

thise work investigated to the effect of CNT alignment morphology in organic
thin-film transistors (OTFTs). A simple method was developed to incorporate
aligned SWCNT electrode arrays into an OTFT structure. The CNT structure
morphology from this method was compared with an alternative method reported
in the literature, that results in non-aligned carbon nanotube electrode arrays.The
OTFT structure was completed employing poly[2-methoxy-5-(2-ethylhexyloxy)-
1,4-phenylenevinylene] (MEH-PPV), as organic semiconductor and tested with
conventional transistor output and transfer characteristics. The method employed to
prepare aligned CNT electrode arrays was simple and resulted in OTFTs with
lower threshold voltage and higher drain source current.The organic semiconductor
MEH-PPV was chosen for its well known electroluminescent properties that aims

to the possibility to study its light-emitting properties as a future work (Yi, 2019)
2.18.14 Synthesis and investigation of SiO2- MgO coated MWCNTSs

and their potential application

published work, multiwalled carbon nanotubes (MWCNT) coated with SiO,—MgO
nanoparticles method to facilitate their incorporation into polymer matrices coated
MWCNT nano composites are preparing by sol-gel technique with different
multiwalled carbon nanotube content. MWCNTs have emerged as the most
promising nanofiller candidate for polymer composites as of their discovery.
MWCNTSs with rolled graphitic layers with remarkable mechanical thermal and
electrical properties can be applied as reinforcement of fiber/matrix composites to
achieve improved properties. The use of MWCNTSs as filler in thermoplastics such
as PE, PP or polycarbonate has been widely studied. TEM, XRD and Raman

investigations proved that the surface of MWCNTs was successfully coated with
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inorganic nanoparticles, and after annealing, the desired SiO,—-MgO layer was
formed (Nemeth, 2019).

2.18.15 Carbon Nanotubes (CNTs)-Reinforced Magnesium-Based

Matrix Composites: A Comprehensive Review

The paper of Abazari it is aComprehensive review to Carbon Nanotubes (CNTYs)-
Reinforced Magnesium-Based Matrix Composites. In recent years considerable
attention has been attracted to magnesium because of its light weight, high specific
strength, and ease of recycling. Because of the growing demand for lightweight
materials in aerospace, medical and automotive industries, magnesium-based metal
matrix Nano composites (MMNCs) reinforced with ceramic nanometer-sized
particles, graphene Nanoplatelets (GNPs) or carbon nanotubes (CNTs) were
developed.CNTs have excellent material characteristics like low density, high
tensile strength, high ratio of surface-to-volume, and high thermal conductivity that
makes them attractive to use as reinforcements to fabricate high-performance, and
high-strength metal-matrix composites (MMCs).Reinforcing magnesium (Mg)
using small amounts of CNTs can improve the mechanical and physical properties
in the fabricated lightweight and high-performance nano composite.Nevertheless,
the incorporation of CNTs into a Mg-based matrix faces some challenges, and a
uniform distribution is dependent on the parameters of the fabricating process. The
characteristics of a CNTs reinforced composite are related to the uniform
distribution, weight percent, and length of the CNTSs, as well as the interfacial
bonding and alignment between CNTSs reinforcement and the Mg-based matrix. In
this review article, the recent findings in the fabricating methods, characterization
of the composite’s properties, and application of Mg-based composites reinforced
with CNTSs are studied. These include the strategies of fabricating CNT-reinforced

Mg-based composites, mechanical responses, and corrosion behaviors. The present
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review aims to investigate and conclude the most relevant studies conducted in the
field of Mg/CNTs composites.Strategies to conquer complicated challenges are
suggested and potential fields of Mg/CNTs composites as upcoming structural
material regarding functional requirements in aerospace, medical and automotive

industries are particularly presented (Abazari ,2020).
2.18.16 Graphene Oxide-Doped MgO Nanostructures for Highly

Efficient Dye Degradation and Bactericidal Action

Thise work objective to study effect of graphene Oxide dopant concentrations on
the catalytic and antibacterial behavior of fixed amount of MgO, it has been
showed effective in the areas of adsorption, catalysis for polluted water,
superconducting products and antibacterial materials MgO with a large band gap of
7.8 eV have revealed a lot of interest because of the unique properties like optical,
electronic and magnetic. It is an alkaline earth metal oxide with a high pH of zero
charge, surface area ~250-300 m?/g, and zeta potential about — 29.89V .Research
has found that both particle size and specific surface area are crucial factors that
affect the adsorption performance.Experimental results by using FTIR, XRD, and
TEM showed enhanced bactericidal efficancy of GO-MgO against G —ve (E. coli)
relative to G +ve (S. aureus). In addition, synergism of GO-MgO showed
enhanced bactericidal efficancy against G —ve (E. coli) compared to G +ve (S.
aureus). This study explored the dopant-dependent properties of MgO Nano
composites that can be employed to clean industrial polluted water and in

antimicrobial applications for environmental remediation (Ikram, 2021).
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Chapter Three
Material and Method

3.1 Introduction

This chapter describe the experimental details including the materials,tools and the
preparation of magnesium oxide and carbon Nano tube made from (coal and soot)
doping by magnesium oxide different ratio ( 0.1,0.3,0.5, 0.7 and 0.9 ) and contains
the characterization techniques which used in these research.

3.2 Materials

The material used in this research magnesium sulphate (MgSO, MW 246.47,Extra
pure 99% ) potassium chlorate (KCIO; MW 187.55 Extra pure ),cool and soot
(local samples),Nitric acid (HNO; MW63.01),Sulphuric acid (H.SO, MW
246.47),Deionized water (DI) and (MEH- PPV , it is a polymers with good
electrical and optical properties which can be widely applied in light-emitting
diodes and photovoltaic devices).

3.3 Tools

The Tools used in this research Sensitive balance(model RICELAKE) , magnetic
stirrer (model IKA-RH-KT ), Beaker (500-250 ml),filter paper (11cm), X-ray
diffraction (XRD : model Shimadzu MAXima XRD), Fourier transforms infrared
spectroscopy (FTIR : model 8100 FTIR ) and UV/VIS spectrometer(min 124
model : JENWAY 7205 ),ITO glass (It is indium tin oxide, which is characterized

by its electrical conductivity, optical transparency, and easy of deposition as film.)
3.4 Method

3.4.1 Preparation of Magnesium Oxide

Magnesium oxide samples were prepared by sol-gel technique, synthesized by
using Magnesium sulfate (MgSOy . Firstly, magnesium sulfate was mixed in de-
ionized water by different rate. Thereafter, sodium hydroxide was added to the
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magnesium sulfate solution with continuous stirring in magnetic stirrer for one
hour to obtain MgO solution different ratio ( 0.1, 0.3, 0.5, 0.7 and 0.9)

.3.4.2 Synthesizing carbon nanotube and doping by Magnesium

Oxide

First, 5.0g of graphite (Soot or Coal) was slowly added to a mixture of fuming
nitric acid (25mt) and sulfuric acid (50m¢t). The mixture was kept for 30
minute.The mixture was cooled down to 5°C in an ice bath. Also 25.0g of
potassium chlorate was slowly added to the solution while stirring for 30 minutes.
Since a lot of heat was produced while adding potassium chlorate into the mixture,
special care during this step is needed to smear out temperature effect. The solution
was heated up to 70°C for 24 hours and was then placed in air for 3 days.Most of
graphite was precipitated on the bottom but some reacted carbons were
floating. The floating carbon materials were transferred into DI water (10). After
stirring for 1 hour, the solution was immediately filtrated and the sample was dried
to obtain by above method CNT were doped by Magnesium Oxide (MgO)
preparing by sol gel method in different ratio(0.1, 0.3, 0.5, 0.7 and 0.9).
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3.4.3 Spin coating of Carbon Nano Tube (CNT) and MEH-PPV

Fabrication of the device was through spin casting of Carbon Nano Tube (CNT)
from (Soot and Coal) and doping by Magnesium Oxide (Mg O) in different molar
and MEH-PPV .This category of device exhibits current and voltage turn on
below. By spin coating of single layer and double layers for Poly (2-methoxy,
5-(2-ethylhexoxy)-1, 4- phenylene-vinylene (MEH- PPV) and carbon nanotube
used ITO glass as cathode .

After preparing samples using X-ray diffraction (XRD) technique for the
determination of the total crystalline structure of nanotubes.lIt used Cu Ka radiation
(A =0.15418 nm) at a rate of 0.06 /second. The XRD pattern was recorded over a
20 interval of 10° to 50°, and worked at 40 kV and current of 30 mA.Whether
functional groups were present or not was detected using Fourier transform
infrared spectrum (FT-IR ),were recorded in transmission mode apparatus in the
400 and 4000 cm~! region and to obtain the optical properties (absorbance,
transmission, reflection, absorption coefficient, extinction coefficient and optical
energy band gap) using UV-Visible min 1240 spectrophotometer .To apply this
martial as diode multilayer (IV curve) Using MEH-PPV device. Finally, the results
were analyzed by using the Origin software.
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Figure (3.1) spin casting of Carbon Nano Tube (CNT) and MEH-PPV
Characterization Techniques
the characterization techniques used in this research :

3.5.1 X-ray diffraction technique (XRD)

X-ray diffraction (XRD) is a powerful nondestructive technique for characterizing
crystalline materials.It provides information on structures, phases, preferred crystal
orientations (texture), and other structural parameters, such as average grain size,
crystallinity strain and crystal defects. X-ray directions peaks were produced by
constructive interference of a monochromatic beam of X-rays scattered at special
angles from each set of lattice planes in a sample .The peak intensities were
determined by the distribution of atoms within the lattice. Consequently, the X-ray
diffraction pattern of periodic atomic arrangements in a given material .The
interaction of the incident rays with the sample produces constructive
interference(and a directed ray) when conditions satisfy Braggs law(Bunaciu,
2015).
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Figure (3.1) XRD instrument

3.5.2 Fourier transforms infrared spectroscopy (FTIR)

Fourier transforms infrared spectroscopy (FTIR) was used to study the structural
properties.It is used to measure the vibrational frequencies of bonds in the
molecule, the vibrational energy levels of sample molecules transfer from ground
state to excited state.The frequency of the absorption peak is determined by the
vibrational energy gap. The number of absorption peaks is related to the number of
vibrational freedom of the molecule. The intensity of absorption peaks is related to
the change of dipole moment and the possibility of the transition of energy levels.
Therefore, by analyzing the infrared spectrum, one can readily obtain abundant

structure information of a molecule(Shalini, 2012)

Figure (3-2) FTIR Spectroscopy
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3.5.3 UV-Vis Spectroscopy

UV-Vis Spectroscopy is an analytical method used to measure the absorbance of
ultra-violet or visible radiation through an analytic. The molecular absorption of the
analytic corresponds to both excitation of valence electrons and excitation of
electrons in different atomic orbitals.UV-Vis Spectroscopy is an effective
technique for both qualitative and quantitative analysis of organic and inorganic
compounds to study the optical properties of materials the wavelength range (200-
800nm) (den ,2006)

Figure (3.3) UV-Vis Spectroscopy
3.5.4 1-V characteristics multilayers
The diode circuit consists of a voltage source, an ammeter to calculate the current,
a voltmeter to calculate the voltage, a rheostat and a multi-layer diode.The results
are recorded by stabilizing the initial voltage and then changing the rheostat and

recording the voltage and current reading to give the circuit curve .

Figure (3.5) I-V Circuit
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Chapter Four
Results and Discussion
4.1 Introduction

In this chapter the main results that have been obtained from the experiments made
of Carbon Nano Tube (CNT) from (Soot and Coal) and doping by Magnesium
Oxide (MgO) in different ratio (0.1, 0.3, 0.5, 0.7 and 0.9) . The data of X-ray
diffraction (XRD) have been to gated crystal structure and lattice parameters of
samples, the FT-IR data have been carried to investigate the chemical bonds within
atoms, and the data of UV-visible used to evaluate the optical parameters. At last
to apply this now martial as diode malty layers (IV curve).

4.2.1 XRD Results of Carbon Nano Tube (CNT) dopped by (MgO)
The result spectrum show in fig (4.1- 4.5) the XRD of all Carbon Nano Tube
(CNT) from (Soot and Coal) and doping by Magnesium Oxide (MgO) in different
ratio (0.1, 0.3, 0.5, 0.7 and 0.9)

Soot Results
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Fig (4.1) XRD spectrum of Carbon Nano Tube (CNT) from Soot and doping by
Magnesium Oxide (MgO) 0.1 ratio
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Fig (4.2) XRD spectrum of Carbon Nano Tube (CNT) from Soot and doping by
Magnesium Oxide (MgO) 0.3 ratio
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Fig (4.3) XRD spectrum of Carbon Nano Tube (CNT) from Soot and doping by
Magnesium Oxide (MgO) 0.5 ratio
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Fig (4.4) XRD spectrum of Carbon Nano Tube (CNT) from Soot and doping by
Magnesium Oxide (MgQ) 0.7 ratio
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Fig (4.5) XRD spectrum of Carbon Nano Tube (CNT) from Soot and doping byMagnesium
Oxide (MgO) 0.9 ratio
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Fig (4.6) XRD spectrum of Carbon Nano Tube (CNT) samples that made from Soot doping by
Magnesium Oxide (MgO) (0.1, 0.3, 0.5, 0.7 and 0.9) ratio

Table (4.1) Calculate Lattice Constants from Peak Locations and Miller Indices of Carbon Nano
Tube (CNT) samples that made from Soot doping by Magnesium Oxide (MgO) (0.1, 0.3, 0.5, 0.7
and 0.9) ratio using mdi-jad programe .

No | 20(°) [ d(A’) | FWHM | X.(nm) | h k1 | &(mgcm?)
S1 | 26500 | 3.3608 | 0.442 07.9 121 47179
S2 | 26641 | 3.3532 | 0.197 08.2 101 3.6697
S3 | 22500 | 3.3483 | 0919 08.9 001 3.7849
S4 | 22302 | 3.3430 | 0.905 19.0 012 3.2114
S5 | 26.668 | 33321 | 0.270 325 012 2.9424
S6 | 26.620 | 33258 | 0.250 356 101 2.8161
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coal Result:
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Fig (4.7) XRD spectrum of Carbon Nano Tube (CNT) from Coal and doping by
Magnesium Oxide (MgO) 0.1 ratio
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Fig (4.8) XRD spectrum of Carbon Nano Tube (CNT) from Coal and doping by
Magnesium Oxide (MgO) 0.3 ratio
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Fig (4.9) XRD spectrum of Carbon Nano Tube (CNT) from Coal and doping by
Magnesium Oxide (MgO) 0.5 ratio
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Fig (4.10) XRD spectrum of Carbon Nano Tube (CNT) from Coal and doping by
Magnesium Oxide (MgO) 0.7 ratio
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Fig (4.11) XRD spectrum of Carbon Nano Tube (CNT) from Coal and doping by
Magnesium Oxide (MgO) 0.9 ratio
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Fig (4.12) XRD spectrum of Carbon Nano Tube (CNT) samples that made from Coal doping by
Magnesium Oxide (MgO) (0.1, 0.3, 0.5, 0.7 and 0.9) ratio
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Table (4.2) Calculate Lattice Constants from Peak Locations and Miller Indices of Carbon Nano
Tube (CNT) samples that made from Coal doping by Magnesium Oxide (MgO) (0.1, 0.3, 0.5, 0.7
and 0.9) ratio

No | 20(°) | d(A’) [ FWHM | Xs(nm) | h kK I | & (mg.cm?)
Cl | 24115 |3.42++46| 0.198 477 |2 01| 6.4267
C2 | 24423 | 34685 | 0.180 544 | 100 | 41522
C3 | 16240 | 3.8655 | 0.732 612 | 021 ]| 37849
C4 | 32692 | 35394 | 0.168 675 | 012 | 32114
C5 | 30.885 | 3.3399 | 0.190 703 |34 1| 28746
C6 | 24279 | 3.4760 | 0.178 751 | 121 01752

4.2.2 XRD Discussion of Carbon Nano Tube (CNT) doping by
(MgO)

The crystal structure of all samples characterized at room temperature using a
Philips PW1700 X-ray diffract meter (operated at 40 kV and current of 30 mA)
and samples were scanned between 5° and 25° at a scanning speed of 0.06 ° C/s
using Cu Ko radiation with A = 1.5418A. The representative XRD charts of all
Carbon Nano Tube (CNT) samples that made from (Soot and Coal) doping with
Magnesium Oxide (MgO) (0.1, 0.3, 0.5, 0.7 and 0.9) ratio as show from fig (4.1) to
fig(4.6) for the made with Soot and fig (4.7) to fig (4.12) that samples made from
Coal.Miller indices provided in the fig (6) and all peaks determine transformation
of Carbon Nano Tube (CNT) samples that made from Soot doping by Magnesium
Oxide (MgO) (0.1, 0.3, 0.5, 0.7 and 0.9). ratio crystallites with (Monoclinic —
primitive) crystal structure for the sample Sootys (MgO) o0 (a=21.41, b=7.2792 and
¢=9.5221/ a.= 90°, B =97.945° and y = 90°), when the sample be Sootys (MgO) o1
(a =b=2.456 and ¢ = 20.088 / a = B =90 © and y = 120°) with (Hexagonal —
primitive) crystal structure , and the molar crystallites with (Orthorhombic —
primitive) crystal structure for the sample Sootys (MgO) o3 (a = 12.372 , b=37.1
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and ¢ = 3.954 / a= B=7= 909, and for sample Sootos
(MgO)o5(a=9.736, b=8.469 and c=12.777/0=90°, B =90.56 ©and y = 90°)
with (Monoclinic — primitive) crystal structure, the molar crystallites with
(Monoclinic — primitive) crystal structure for the sample Sootys (MgO) o7 (a =
6.9754 ,b=12.764 and ¢ = 6.962 / a.=91.16 ©, B =90.32° and y = 83.22 ©) and the
last them Molar crystallites with (Monoclinic — primitive) crystal structure for the
sample Sootgs (MgO) o9 (a=b =2.456 and ¢ =20.088 /=P =90C°and y =
120°).Table (3) shows the XRD parameters of Carbon Nano Tube (CNT) samples
that made from Soot doping by Magnesium Oxide (MgO) (0.1, 0.3, 0.5, 0.7 and
0.9) molar at various crystalline orientations.When we describe the relation
between the rated molar Magnesium Oxide (MgO) and density of samples, we
showing that decreasing the density by increasing the molar of Magnesium Oxide
(MgO), and the crystals size increasing with increases molar as calculated from
table (4.1). And for the representative XRD charts of all Carbon Nano Tube
(CNT) samples that made from Coal doping by Magnesium Oxide (MgO) (0.1,
0.3, 0.5, 0.7 and 0.9) Molar as show in fig (4.12).The miller indices provided in the
figure (4.12) and all peaks determine transformation of Carbon Nano Tube (CNT)
samples that made from coal doping by Magnesium Oxide (MgO) (0.1, 0.3, 0.5,
0.7 and 0.9) ratio. Crystallites with (Tetragonal — primitive) crystal structure for the
sample Coal o5 (MgO)oo(a=b=7.46 andc=8.61/a= B= y=90°), when the
sample be Coal o5 (MgO)o1(a=b=c=4.152 /a= B =17 =90° with (Cubic -
primitive) crystal structure , and the molar crystallites with (Monoclinic —
primitive) crystal structure for the sample Coal o5 (MgO) o3 (a = 7.1986 , b =
7.9393 andc=17.39 /a=90°, B=90.6204 ©and y= 90°), and for sample
Coal 05 (MgO) os(a=b=5.39 and c =46.52 /a =P =90 ©and y = 120 ©) with
(Hexagonal — primitive) crystal structure, the molar crystallites with (Triclinic —
primitive) crystal structure for the sample Coal o5 (Mg O) o7 (a =6.485, b = 6.415
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and ¢ =16.8 /a=90.11°, B =95.91° and y = 90.95 ©) and the last them Molar
crystallites with (Orthorhombic — primitive) crystal structure for the sample Coal
05(Mg O) oo (a=11.35,b=24.08 and c=4.1398 /a =B =7 =90 ©) . Table (4)
shows the XRD parameters of Carbon Nano Tube (CNT) samples that made from
Coal doping by Magnesium Oxide (MgO) (0.1, 0.3, 0.5, 0.7 and 0.9) ratio at
various crystalline orientations. When we describe the relation between the rated
molar Magnesium Oxide (MgO) and density of samples, we showing that
decreasing the density by increasing the molar of Magnesium Oxide (MgO), and
the crystals size increasing with increases ratio as calculated from table (4.2).

4.3.1 FTIR Results of Carbon Nano Tube (CNT) doping by (MgO)
After made Carbon Nano Tube (CNT) from (Soot and Coal) and doping by
Magnesium Oxide (MgO) in different ratio (0.1, 0.3, 0.5, 0.7 and 0.9) used Fourier
transforms infrared spectroscopy (FTIR) to study the structural properties as

showen in the results

12.6 = Soot, (MgO),,
1 1 == Soot, (MgO), ,
11.2 1040 cm’ = S00t,;(MgO),,
== Soot, ,(MgO), ¢

-1 = Soot, (MgO),,
9.8 1650 cm = Soot, (MgO),,

8.4 1
3920 cm

7.0

3650 cm 1
5.6

2930 cm ™t
4.2

Transimission (a.u)

2.8

1.4

0.0
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Wavenumber (cm™)

Fig (4.13) IR spectrum of CNTs from (Soot) + Magnesium Oxide (MgO) (0.1, 0.3, 0.5, 0.7 and
0.9) ratio samples
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Table (4.3) Table of Characteristic IR of CNTs from (Soot) + Magnesium Oxide (MgO) (0.1,

0.3, 0.5, 0.7 and 0.9) ratio samples

No | Wavenumber (cm Functional Group Type of Vibration Referance
h Names
1 470 meta disubstituted C-H bend patterns for aromatics 650-1000
aromatic
2 570 alkyl halides C—Br stretch 515-690
3 1040 Esters (C-O Stretch) 1000-1320
4 1415 Alkanes C-H bend 1450-1470
5 1450 Aromatic Rings C-C=C Asymmetric Stretch 1400-1500
6 1530 Aromatic Compounds C=C stretch 1400-1500
7 1650 Carboxylic Acids C=0 Stretch 1640-1680
8 2930 Alkanes C-H stretch 2850-3000
9 3430 Phenols & Alcohols Hydrogen-bonded O-H Stretch 3200-3500
10 3650 Alcohols O-H stretch (strong and broad) 3500-4000
11 3760 Alcohols O—H stretch 3500-+4000
12 3920 alkynes (terminal) —C = C—H: C_H stretch 3500-4000
108 — Coal, (MgO),,
9.6 — Coal, (MgO),,
I Coalo.s(Mgo)o.s
8.4 620 cm’ —— Coal,(MgO),,
. = Coal, (MgO),,
S 7.2 Coal, (Mg0),,
© 1
~ 1100 cm’ .
§ 60 o 3850 om’
2 | 1
= 4.8 1400 cm” 3380 cm L
‘D
-1 ;
g 3.6 1630 cm 3120 cm 3700 ¢ -1
- 2.4
A
1.2 ~
0.0 — A ..M

600 900 1200 1500 1800 2100 2400 2700 3000 3300 3600 3900

Wavenumber (cm™)

Fig (4.14) IR spectrum of CNTs from (Coal) + Magnesium Oxide (MgO) (0.1, 0.3, 0.5, 0.7 and
0.9) ratio samples
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Table (4.4) Table of Characteristic IR of CNTs from (Coal) + Magnesium Oxide (MgO) (0.1,

0.3, 0.5, 0.7 and 0.9) ratio samples

No | Wavenumber (cm Functional Group Type of Vibration Referance
h Names

1 620 alkyl halides C—Br stretch 515-690
2 1100 Esters (C-O Stretch) 1000-1320
3 1400 Aromatic C-H stretch 1400-1500
4 1630 Alkenes C=C stretch 1580-1650
5 3120 Amines—Primary N-H Stretch 3250-3400
6 3650 Alcohols O-H stretch (strong and broad) 3500-4000
7 3700 Alcohols O—H stretch 3500-4000
8 3850 alkynes (terminal) —C =C_H: C_H stretch 3500-4000

4.3.2 FTIR Discussion of Carbon Nano Tube (CNT) doping by (MgO)

Fourier Transform Infrared spectroscopy is a technique used to measure the
vibrational frequencies of bonds in the molecule. The FTIR spectra of CNTs from
(Soot) + Magnesium Oxide (MgO) (0.1, 0.3, 0.5, 0.7 and 0.9) ratio samples is
shown in Fig (4.13). The strong intensity peak at 3920 cm™ assigned to alkynes
(terminal) —-C = C-H: C—H stretch, at 3760 cm™ assigned to O—H stretch vibration
of alcohol group, the band at 3650 cm™ assigned to Alcohols group (O-H stretch -
strong and broad) vibration.Beak at 3430 cm ! assigned to Phenols & Alcohols
(Hydrogen-bonded O-H Stretch) while the very intense peak positioned at 2930
cm? revealed the presence of (C-H stretch) stretching for Alkenes.The
characteristic peaks of C=O stretch positioned from 1650 cm™ vibration of
carboxylic acids. The peaks positioned at 1530 cm™ observed due to C=C stretch
vibration of aromatic compounds.The intensity peak at 1450 cm™ assigned to
Aromatic Rings C-C=C Asymmetric Stretch vibration, at 1415 cm assigned to C-

H bend vibration of alkanes group, the band at 1040 cm™ assigned to Esters group
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(C-O Stretch)vibration.Beak at 570 cm ! assigned to alkyl halides C—Br stretch ,
while the very intense peak positioned at 470 cm™ revealed the presence of (C-H
bend patterns for aromatics) stretching for meta ( MgO) disubstituted aromatic. All
this results as showen in table (4.3) .The FTIR spectra of CNTs from (Coal) +
Magnesium Oxide (MgO) (0.1, 0.3, 0.5, 0.7 and 0.9) ratio samples is showen in
Fig (4.14).The strong intensity peak at 3850 cm™ assigned to alkynes (terminal) —C
= C-H: C-H stretch, at 3700 cm™ assigned to O-H stretch vibration of alcohol
group, the band at 3380 cm™ assigned to Phenols & Alcohols (Hydrogen-bonded
O-H Stretch) vibration. Peak at 3120 cm™ ! assigned to Amines Primary N-H
Stretch,while the very intense peak positioned at 1630 cm™ revealed the presence
of (C=C stretch) stretching for Alkenes.The characteristic peaks of C-H stretch
positioned from 1400 cm vibration of aromatic. The peaks positioned at 1100 cm-
! observed due to C-O Stretch vibration of esters compounds.The intensity peak at
620 cm™ assigned to alkyl halides C—Br stretch vibration. All this results were
show in table (4.4).

4.3.1 UV-Vis Results of Carbon Nano Tube (CNT) doping by (MgO)
After made Carbon Nano Tube (CNT) from (Soot and Coal) and doping by
Magnesium Oxide (MgQO) in different ratio (0.1, 0.3, 0.5, 0.7 and 0.9) was used
UV-VS mini 1240 spectrophotometer to study the optical properties (absorbance,
transmission, reflection, absorption coefficient, extinction coefficient and optical

energy band gap) as showen in the results
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Fig (4.15) the relation between absorbance and wavelengths of (Soot and Coal) + Magnesium
Oxide (MgO) (0.1, 0.3, 0.5, 0.7 and 0.9) ratio samples
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Fig. (4.16) Showen the relation between transmission and wavelengths for (Soot and Coal)
+Magnesium Oxide (MgO) (0.1, 0.3, 0.5, 0.7 and 0.9) ratio samples
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Fig (4.17) the relation between absorption coefficient and wavelengths of (Soot and Coal) +
Magnesium Oxide (MgO) (0.1, 0.3, 0.5, 0.7 and 0.9) ratio samples
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Fig (4.18) the relation between extinction coefficient and wavelengths of (Soot and Coal) +
Magnesium Oxide (MgO) (0.1, 0.3, 0.5, 0.7 and 0.9) ratio samples
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Fig (4.19) the optical energy band gap of (Soot and Coal) + Magnesium Oxide (MgO) (0.1, 0.3,

0.5, 0.7 and 0.9)ratio samples

4.3.2 UV-Vis Discussion of Carbon Nano Tube (CNT) doping by
(MgO)

From the Fig (4.15 — 4.19) we found the behavior of (Soot and Coal) doping by
Magnesium Oxide (MgO) (0.1, 0.3, 0.5, 0.7 and 0.9)ratio samples studied using
UV-VS min 1240 spectrophotometer. figure (4.15) Shows the relation between
absorbance and wavelengths for (Soot and Coal) doping by Magnesium Oxide
(MgO) (0.1, 0.3, 0.5, 0.7 and 0.9) ratio samples, for Soot samples the rapid
decrease absorption at wavelengths 317 nm corresponding photon energy 3.912 eV
by doping increase .For Coal samples the rapid decrease a absorption at
wavelengths 272 nm corresponding photon energy 4.559 eV by doping
increase.The absorption coefficient (o) of the (Soot and Coal) doping by
Magnesium Oxide (MgO) (0.1, 0.3, 0.5, 0.7 and 0.9) ratio samples were found

2.303xA

from the following equation o = where (A) is the absorbance and (t) is the
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optical length in the samples.Fig (4.16) showen the plot of (a) with wavelength (1)
of (Soot and Coal) doping by Magnesium Oxide (MgO) (0.1, 0.3, 0.5, 0.7 and 0.9)
ratio samples,which obtained that the value of o = 4.62x10? cm™ for Sootys(
MgO)o.1 sample in the U.V region(317 nm ) but for Sootys( MgO),esample equal
3.02x10%2 cm™ at the same wavelength ,and for the Coalos( MgO)o1 sample the
absorption coefficient equal 4.62x10> cm?® at 272 nm ,but for Coalgs(
MgO)oosample equal 3.07x102 cm™ at the same wavelength , this means that the
transition must corresponding to indirect electronic transition, and the properties of
this state are important since they are responsible for electrical conduction. Also,
fig (4.16) shows that the value of (o) for all (Soot and Coal) doping by Magnesium
Oxide (MgO) (0.1, 0.3, 0.5, 0.7 and 0.9) ratio samples decrease while doping

increased. Extinction coefficient (K) was calculated using the relation = % .The

variation of the extinction coefficient (K) values as a function of (A) are shown in
fig (4.17) for (Soot and Coal) doping by Magnesium Oxide (MgO) (0.1, 0.3, 0.5,
0.7 and 0.9) ratio samples and it is observed that the spectrum shape of (K) as the
same shape of (a).The extinction coefficient (K) for (Soot and Coal) doping by
Magnesium Oxide (MgO) (0.1, 0.3, 0.5, 0.7 and 0.9) ratio samples, in fig (4.17)
obtained the value of (K) for the Soot samples at the (317 nm) wavelength was
depend on the samples treatment method,where the value of (K) at 317 nm for
Sootys( MgQO)o1 sample equal 1.17x10° while for other sample Sootys( MgQO)os
at the same wavelength equal 7.68x10°, and for Coal samples the extinction
coefficient value at 272 nm equal for the Coalps( MgO)o1 sample equal 1.5x10
6 but for Coalos( MgO)oo sample equal 6.71x10° at the same wavelength The
effects of Magnesium Oxide (MgO) doping on (Soot and Coal) samples doping by
rate (0.1,0.3,0.5,0.7 and 0.9) was increased the Magnesium Oxide (MgQ) doping

decreased Extinction coefficient ( k ).The optical energy gap (E,) has been
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calculated by the relation (ahv)? = C(hv — E;) where (C) is constant. By plotting
(ahv)? vs photon energy (hv) as shown in fig.(4.19 ) for the (Soot and Coal) doping
by Magnesium Oxide (MgO) (0.1, 0.3, 0.5, 0.7 and 0.9) ratio samples.By
extrapolating the straight thin portion of the curve to intercept the energy axis, the
value of the energy gap has been calculated.In fig (4.19) the value of (E,) Soot
samples that was not doping by magnesium oxide sample Soot,s( MgQO), ¢obtained
was (3.517) eV but for Sootys( MgO)o1 equal ( 3.513) eV, and when retch sample
Sootos( MgO)oo equal ( 3.499) eV.The value of(E,) was decreased from (3.517)
eV to (3.499) eV.For the coal samples that was not doping by magnesium oxide
sample Coalgs( MgO)oo obtained was (3.502) eV but for Coalps ( MgO)o1 equal
(3.487) eV, and when reach sample Coalos( MgO)os equal ( 3.398) eV .The value
of(E;) was decreased from (3.502) eV to (3.398) eV. The decreasing of (E,)
related to increase of magnesium oxide molar on the samples.It was observed that
the different Magnesium Oxide (MgO) ratio for Soot and Coal) doping by
Magnesium Oxide (MgO) (0.1, 0.3, 0.5, 0.7 and 0.9) ratio samples confirmed the
reason for the band gap shifts.

4.4.1 1-V characteristics multilayers diode Results of Carbon Nano
Tube (CNT) doping by (MgO)

After made Carbon Nano Tube (CNT) from (Soot and Coal) and doping by
Magnesium Oxide (MgO) in different ratio (0.1, 0.3, 0.5, 0.7 and 0.9). Then
fabrication of the device was through spin casting of Carbon Nano Tube (CNT)
from (Soot and Coal) and doping by Magnesium Oxide (MgO) in different ratio
and MEH-PPV and this category of device exhibits current and voltage turn on.
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Fig (4.20) I-V characteristics of Soot Carbon Nano Tube (CNT) doping by
Magnesium Oxide (MgO) o.0
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Fig (4.21) 1-V characteristics of Soot Carbon Nano Tube (CNT) doping by
Magnesium Oxide (MgO) 0.1
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Fig (4.22) I-V characteristics of Soot Carbon Nano Tube (CNT) doping by
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Fig (4.23) I-V characteristics of Soot Carbon Nano Tube (CNT) doping by
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Fig (4.24) 1-V characteristics of Soot Carbon Nano Tube (CNT) doping by
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Fig (4.25) 1-V characteristics of Soot Carbon Nano Tube (CNT) doping by
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Fig (4.26) I-V characteristics of Coal Carbon Nano Tube (CNT) doping by
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Fig (4.27) 1-V characteristics of Coal Carbon Nano Tube (CNT) doping by
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Table (4.5) threshold of charge injection and highly twistable device had shown a turn on voltage
of Carbon Nano Tube (CNT) from (Soot and Coal) and doping by Magnesium Oxide (Mg O) in
different molar (0.1, 0.3, 0.5, 0.7 and 0.9)

No charge injection voltage (V) turn on voltage (V)
Samples
single layer double layers single layer double layers
1 Coalos (MgO) 0.0 1.38323 1.65988 0.15786 0.18943
2 Coalos (MgO) o0.1 1.53692 1.84431 0.1754 0.21048
3 Coalos (MgO) o3 1.69062 1.86275 0.19294 0.21258
4 Coalos (MgO) o5 1.70752 1.88138 0.19487 0.21471
5 Coalos (MgO) 07 1.7246 1.90019 0.19681 0.21685
6 Coalos (MgO) o9 1.74184 1.91919 0.19878 0.21902
7 Sootos (MgO) 0.0 1.63837 1.80518 0.18697 0.20601
8 Sootos (MgO) 0.1 1.75909 1.9382 0.20075 0.22119
9 Sootos (MgO) o.3 1.7802 1.96145 0.20316 0.22384
10 Sootos (MgO) o 1.80156 1.98499 0.2056 0.22653
11 Sootos (MgO) 0.7 1.82318 2.00881 0.20806 0.22925
12 Sootos (MgO) 0.9 1.84506 2.03292 0.21056 0.232
2.16 =i~ Soot Single Layer

Coal Single Layer
Soot Double Layer
2.06 =4~ Coal Double Layer

(V)
=oe
2 g

=
]
o]

=
a
©

Charge Injaction Voltage
P P
[6)] [0}
o (e}

=
N
iy

0.00 0.1T 0.22Z 0.33 0.44 055 0.66 0./7 0.88 0.99
MgO Concentration ( molar )

Fig (4.32) relationship between concentration of Magnesium Oxide (MgO) and charge injection
voltage for Carbon Nano Tube (CNT) from (Soot and Coal)
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4.4.2 1-V characteristics multilayers Discussion of Carbon Nano Tube
(CNT) doping by (MgO)

The 1-V characteristics of Carbon Nano Tube (CNT) from soot and doping by
Magnesium Oxide (MgQO) 0.0 ratio shows from fig (4.20) to fig (4.25) related to
diode,a threshold of charge injection of around 1.63837V for single layer (MEH-
PPV - soot (MgO) 0.0) and 1.8051814 V for double layers (MEH-PPV — soot
(MgO) 0.0 / MEH-PPV - soot (MgO) 0.0), 1.75909 V for single layer (MEH-PPV
— soot (MgO) 0.1) and 1.9382 V for double layers (MEH-PPV — soot (MgO) 0.1/
MEH-PPV — soot (MgO) 0.1), 1.7802 7V for single layer (MEH-PPV — soot
(MgO) 0.3) and 1.96145 V for double layers (MEH-PPV — soot (MgO) 0.3 / MEH-
PPV — soot (MgO) 0.3), 1.80156 V for single layer (MEH-PPV — soot (MgO) 0.5)
and 1.98499 V for double layers (MEH-PPV — soot (MgO) 0.5 / MEH-PPV — soot
(MgO) 0.5) , 1.82318 V for single layer (MEH-PPV — soot MgO) 0.7) and 2.00881
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V for double layers (MEH-PPV — soot (MgO) 0.7 / MEH-PPV — soot (MgO) 0.7)
and 1.84506 V for single layer (MEH-PPV — soot (MgO) 0.9) and 2.03292 V for
double layers (MEH-PPV — soot (MgQO) 0.9 / MEH-PPV — soot (MgQ) 0.9), and a
high turn on voltage making very high power consumption. Later, flexible soot
Carbon Nano Tube (CNT) doping by (MgQO) by spin coating a layer of poly aniline
onto a sheet of poly ethylene terephthalate, Poly (2-methoxy, 5-(2-ethylhexoxy)-1,
4- phenylene -vinylene (MEH- PPV) used ITO glass as cathode.The robust and
highly twistable device had shown a turn on voltage at 0.18697 V for single layer
(MEH-PPV - soot (MgQO) 0.0) and 0.20601 V for double layers (MEH-PPV — soot
(MgO) 0.0 / MEH-PPV - soot (MgO) 0.0) , at 0.20075 V for single layer (MEH-
PPV —soot (MgO) 0.1) and 0.22119 V for double layers (MEH-PPV — soot (MgO)
0.1/ MEH-PPV - soot (MgQO) 0.1) at 0.20316 V for single layer (MEH-PPV — soot
(MgO) 0.3) and 0.22384 V for double layers (MEH-PPV — soot (MgO) 0.3 / MEH-
PPV — soot (MgO) 0.3) , at 0.2056 V for single layer (MEH-PPV — soot (MgO)
0.5) and 0.22653 V for double layers (MEH-PPV — soot (MgO) 0.5 / MEH-PPV —
soot (MgO) 0.5) , at 0.20806 V for single layer (MEH-PPV — soot (MgQ) 0.7) and
0.22925 V for double layers (MEH-PPV — soot (MgO) 0.7 / MEH-PPV — soot
(MgO) 0.7) and at 0.21056 V for single layer (MEH-PPV — soot (MgO) 0.9) and
0.232 V for double layers (MEH-PPV — soot (MgO) 0.9 / MEH-PPV — soot (MgO)
0.9) as shown from Fig (4.20) to fig (4.25) .

The I-V characteristics of Carbon Nano Tube (CNT) from cool and doping by
Magnesium Oxide (MgO) 0.0 ratio shows from fig (4.26) to fig (4.31) a threshold
of charge injection of around 1.383237V for single layer (MEH-PPV — cool (MgO)
0.0) and 1.65988 V for double layers (MEH-PPV — cool (MgO) 0.0 / MEH-PPV —
cool (MgO) 0.0) , 1.53692 V for single layer (MEH-PPV — cool (MgO) ¢1) and
1.84431 V for double layers (MEH-PPV — cool (MgO) 0.1 / MEH-PPV — cool
(MgO) ¢1), 1.69062 V for single layer (MEH-PPV —Coal (MgO) 0.3) and 1.86275
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V for double layers (MEH-PPV — cool(MgO) 0.3 / MEH-PPV — cool (MgO) 0.3),
1.70752 V for single layer (MEH-PPV — cool (MgO) 0.5) and 1.88138V for double
layers (MEH-PPV — cool (MgO) 0.5/ MEH-PPV — cool (MgO) 0.5) , 1.7246 V for
single layer (MEH-PPV — cool (MgO) 0.7) and 1.90019 V for double layers
(MEH-PPV — cool (MgO) 0.7 / MEH-PPV — cool (MgO) 0.7) and 1.74184 V for
single layer (MEH-PPV — cool (MgO) 0.9) and 1.91919 V for double layers
(MEH-PPV - cool (MgO) 0.9 / MEH-PPV — cool (MgQ) 0.9), and a high turn on
voltage making very high power consumption. Later, flexible cool Carbon Nano
Tube (CNT) doping by (MgO) by spin coating layer of poly aniline onto a sheet of
poly ethylene terephthalate, Poly (2-methoxy, 5-(2-ethylhexoxy)-1, 4- phenylene -
vinylene (MEH- PPV) used ITO glass as cathode . The robust and highly twistable
device had shown a turn on voltage at 0.15786 V for single layer (MEH-PPV —
cool (MgO) 0.0) and 0.18943 V for double layers (MEH-PPV — cool (MgO) 0.0 /
MEH-PPv — cool (MgO) 0.0) , at 0.1754 V for single layer (MEH-PPV — cool
(MgO) 0.1) and 0.21048 V for double layers (MEH-PPV — cool (MgO) 0.1 / MEH-
PPV — cool (MgO) 0.1) at 0.19294 V for single layer (MEH-PPV — cool(MgO)
0.3) and 0.21258 V for double layers (MEH-PPV — cool (MgO) 0.3 / MEH-PPV —
cool (MgO) 0.3) , at 0.19487 V for single layer (MEH-PPV — cool (MgO) 0.5) and
0.2147 V for double layers (MEH-PPV — cool (MgO) 0.5 / MEH-PPV - cool
(MgO) 0.5) , at 0.19681 V for single layer (MEH-PPV — cool (MgO) 0.7) and
0.21685 V for double layers (MEH-PPV — cool (MgO) 0.7 / MEH-PPV — cool
(MgO) 0.7) and at 0.19878 V for single layer (MEH-PPV — cool (MgO) 0.9) and
0.21902 V for double layers (MEH-PPV — cool (MgO) 0.9 / MEH-PPV - cool
(MgO) 0.9) as showen from Fig (4.26) to fig (4.31).

All this results keeping in table (4.5). In Fig (4.32) and Fig (4.33) show the
relationship between the concentration of MgO that doping for the (Soot, Coal)
Carbon Nano Tube (CNT) samples and (Charge Injection Voltage and Turn On
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Voltage), it’s clear that the Charge Injection Voltage and Turn On Voltage
Increases with concentration increases, also the value of Charge Injection Voltage
and Turn On Voltage for the soot (single and double) greater than the coal (single

and double) due to energy band gap and crystal structure .

4.5 General Discussion

According to XRD analysis we found the change in source of carbon nanotube and
concentration of MgO, change the structure of CNT, it was observed the grain size
of CNT increases when the concentration of MgO increases for both source of
CNT, the grain size of CNT from coal greater than the grain size from soot since
soot is one of coal composite. It was also observed that. The distance between
planes of CNT from soot was decreased when concentration of MgO increases
while it was increases when concentration of MgO increases for CNT from coal,
and this is refer to porous natural. The crystal type change due to source of CNT
and concentration change. The density decrease when the concentration increases
for both source, as general the density of CNT prepared from soot greater than the
density of CNT prepared from coal, according for this reason the absorbance and
optical energy band gap were decreased, the absorbance of CNTs from soot greater
than the absorbance of CNTs from coal, the optical band gap for both source of
CNTS within range of semiconductor materials (3.392-3.517) eV. FTIR result
show that the all sample of CNT ( soot — coal) interact with IR spectrum as same
way, the transmittance of IR through CNT prepared from (soot-coal) increases
when the concentration of MgO increased this confirm with the fact of lightness of
soot and porous in coal . It was noted the change in concentration did not change
the vibrational frequencies of the samples of CNTS from soot and coal. All
samples of CNTS from soot and coal had same functional group, it was observed

that CNTs from coal more stable than CNTs from soot and this refer to that all
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most of bond in CNTs from coal were single bond rather than CNTs from soot . | -
V curve display that samples acts as diode multilayer, the charge injection voltage
and turn off voltage increases when the concentration of MgO and number of layer
increases for CNTS made from soot and coal which lead to increase the number of

free electrons and these confirm with the previous studies.

4.6 conclusion

Carbon nanotube doping by MgO were preparing using thermal chemical
method.The change in source of CNTS and concentration of MgO lead to change
the structural parameters of CNTS, which means change the optical properties, due
to optical energy band gap, the CNTs from coal best than CNTs from soot as
semiconductor material. Diode multilayers were fabricated from CNTS prepared
from two source and doping by MgO at different molar, the charge injection
voltage and turn on voltage increases the concentration of MgO and number of

layer increases.

4.7 Recommendations
e To syntheses CNTSs using anther method.
e Study additional properties of carbon nanotubes (mechanical, thermal and
magnetic)

e To syntheses and study properties of MCNTSs doping by MgO.
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