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Abstract

In this thesis, Williamson Hall method, Size-Strain Plot method, and Halder
Wagner method were used to analyze the X-ray diffraction patterns and calculate
the crystallite size and lattice strain of nickel oxide (NiO) nano particles. The
results obtained from these methods were then compared with those obtained
from both classical Scherrer and modified Scherrer methods. The crystallite size
were: (0.3087) nm, (0.8626) nm, and (0.2228) nm. Whereas, the lattice strain
were: (0.1441), (0.8216), and (0.5207) for Williamson Hall, Size-Strain Plot, and
Halder Wagner methods respectively. On the other hand, the crystallite size and
lattice strain calculated from classical Scherrer were (D = 0.31511) nm, (¢ =
0.32471), and modified Scherrer methods were (D = 0.1350) nm. From that the
results detected for all of the methods in this thesis, we notice that the Halder —
Wagner method is the best analysis method to calculate the crystallite size and
lattice strain by given accurate result and nearly to this found by the Scherrer and
modified Scherrer methods. The Specific Surface Area was calculate using the
crystallite size of the Halder —\Wagner method, it was found (s = 4.0375 *
10°m?/g). The dislocation density depends on the crystallite size for Halder-
Wagner, it was found (& = 2.1186 = 10*).Morphology Index was calculated from
full width at half maximum and the highest value was (2.63530922) for the
reflection (220), while the lowest value was (1.304537008) for the reflection
(222). The texture coefficient for all line profile was (0.429331599). By Modified
Halder-Wagner method calculate the stress and the energy density, were (¢ =
36449*10° N/m?), and (u = 9489*10° N/m?) respectively. The Halder-Wagner
plot used to calculate the density of energy from the y-intercept and gives same
value to this was found by the modified Halder-Wagner. The crystallite size for
the reflections (111, 200) is calculated at different temperatures (200, 300,

400)°C. The crystallite sizes for (111) were decreased with increasing




temperature from (200-400)° C, and they were (0.34174 nm), (0.32985nm), and
(0.32160 nm) respectively. The (D) values for the line (200) were (0.49210 nm),
(0.45336 nm), and (0.83588 nm), for (200, 300, 400) o C respectively.
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Chapter One

1.1 INTRODUCTION

Introdaction And Literature Rivew

Nickel oxide NiO is an important transition metal oxide with cubic lattice

structure. It has attracted increasing attention owing to its potential use in a variety

of applications; NiO as a semiconductor is a motivating topic in the new area of

research, because of its properties distinguished it from others [1].

Nickel(ll) oxide is the chemical compound
with the formula NiO. It is notable as being the
oxide of nickel
(although nickel(111) oxide, Ni,O3 and NiO;

have been claimed) [2]. The mineralogical form

only well-characterized

of NiO, bunsenite, is very rare. It is classified as
a basic metal oxide. Several million kilograms
are produced in varying quality annually, mainly
as an intermediate in the production of nickel

alloys [3].

NiO can be prepared by multiple methods. Upon heating above 400 °C, nickel
powder reacts with oxygen to give NiO. In some commercial processes, green

nickel oxide is made by heating a mixture of
nickel powder and water at 1000 °C, the rate for
this reaction can be increased by the addition of
NiO [4]. The simplest and most successful
method of preparation is through pyrolysis of a
nickel(I1l) compounds such as the hydroxide,
nitrate, and carbonate, which yield a light green
powder[2] .Synthesis from the elements by

heating the metal in oxygen can yield grey to

Chemical
formula

Molar mass

Appearance

Density
Melting point

Solubility in
water
Solubility

Magnetic
susceptibility &0

MO

T4.6928 g/mol

green crystalline
solid

6.67 gfem?3

1.955 “C
(3.551 °F;
2,228 K)

negligible

soluble in KCMN

+§E0.0-1070
cmmol

Refractive index | 2.1813

o)

black powders which indicates nonstoichiometry[2].
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NiO adopts the NaCl structure, with octahedral Ni*?> and O sites. The
conceptually simple structure is commonly known as the rock salt structure. Like

many other binary metal oxides, NiO is often nickel (II) oxide

non-stoichiometric, meaning that the Ni:O ratio
deviates from 1:1. In nickel oxide this non-
stoichiometry is accompanied by a color
change, with the stoichiometrically correct NiO
being green and the non-stoichiometric NiO

being black.

X-ray diffraction is the most appropriate way to understand the crystallite
structure and to determine the average size of the nano particles in nano materials.
Paul Scherrer was published in 1918 what known as the Scherrer formula.
Scherrer Equation was developed in (1918) to calculate the crystallite size (D) for

Nano materials using the full width at half maximum value of the peaks in the X-

kA

ray diffraction pattern. Scherrer equation is defined as (D = B cose

). Shape factor

(k) can be (0.62 to 2.08) depending at the crystal shape and it is usually take as
(0.89) for the spherical crystal. For a crystallite size of 5 nm and a Cu-Ka source
of 0.1540 nm wavelength the peak width at 20 = 170° should be 10 times wider
that that at 20 = 10°.The aim of modifying the Scherrer equation is to provide a

new approach for calculating (D) with less error. In modified Scherrer method,

by plotting Inf versus In (cos0)?, the

intercept found. The (D) value obtained from /
the available peaks. While the errors related  ™* )

with experimental data, a smallest squares

manner gives the better slope with most exact  « {

(In K/D). The exponential of the intercept

In (1/cosp)

found after getting the intercept [5].
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Scherrer-equation depends on 1/cos0, dislike W-H method that depends on tan 6.
This basic difference due to both microstructures results in a small crystallite size
and micro strain together from the reflection broadening. Regarding different 0
positions, the separation of crystallite size and strain broadening analysis was
made using Williamson — Hall method. The results below are the addition of
Scherrer equation and € = f n /tan 0 [6].

Williamson—Hall plotting is a simple technique to link the contributions of
crystallite size and lattice strain to the peak broadening in the X-ray diffraction
patterns. Williamson—Hall plotting is a simple way to separate the contributions
of both micro strain and particle size to the line broadening in the X-ray
diffraction patterns with Lorentzian profiles. A practical application of this
method includes plotting (BcosB) versus 4sinf. As the sample reveals a
homogeneous distribution of both micro-strain and crystallite size, the
Williamson—Hall plot appears as a straight line. Linear function used to fit the
chart and offers determine the lattice strain value from the slope and the crystallite
size from the intercept with the axis. A positive slope refers to lattice expansion,
while the negative slope refers to lattice compression. A horizontal slope shows
refer to the crystals which means (particles free of lattice strain) [7].

The Size-Strain plot method has an important advantage over other methods.
Therefore, less importance is assumed to the great angle peaks which supposed
that (strain profile) is controlled by the Gaussian function [8].

Halder-Wagner method is used to determine the particle size from Xx-ray
diffraction data. In this method, the slopes yield the (H-W) particle size, and the
intercept gives the (H-W) lattice strain. However, the (H-W) method is known to
be limited compared to the (W-H) method [9].

By using these methods, we can notice the differences between obtained values
of the crystallite size (D) and the lattice strain, then determine the best analysis

way .
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1.2 Literature Review

In (2008) Mikrajuddin Abdullah and Khairurrijal, [10] Derived the Scherrer
relation using a “multi slits interference” approach studied in basic physics
course. They found that the dependence of the size of the crystals on the height
of the XRD peak is consistent with the original Scherrer formula. Simple
procedure for using Scherrer formula to predict crystal sizes from Y,03; material

Is also discussed.

In (2008) V. Biju Neena, et al, [11] Used Williamson-Hall method analysis with
uniform distortion, uniform distortion stress and uniform distortion energy
density models to estimate that the micro strain in nano crystalline Silver samples
with an average particle size of about (50 nm) related to the XRD line broadening.
While separating the contributions of both the particle size and strain to the line
broadening, the anisotropy of the crystallite size considered. The lattice strain
properly modeled using a uniform deformation energy density model. The results
of the lattice strain that obtained from the inter-planar spacing data compared with
those of a uniform energy density model. The lattice strain in a nano crystalline
silver showed contributions from dislocations over the contribution from
additional volume of grain boundaries related to both vacancies and vacancy

clusters.

In (2009) B .G .Jeyaprakash, et al, [12] Studied the X-ray diffraction (XRD) of
the polycrystalline CdO phase along (111) plane. X-ray line expansion technique
used to study the effect of substrate temperature on the particle size and micro

strain, using Williamson—Hall method .

In (2012) Gh.H. Khorrami, et al, [13] Produced Pure and X doped zirconate
Titanate Nano particles (PZT-NPs) (X = Mg, Mn, and Zn) chief by using sol-
combustion method. Xerogel calcined at (700 ° C) for (2 hours). The resulted
powder structure characterized by X-Ray Diffraction (XRD) and Fourier analysis
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of infrared (FTIR). X-Ray diffraction results display that the (PZT-NPs) of a
perovskite structure and rhombohedral phase. Furthermore, a small shift noticed
in (XRD) patterns of doped (PZT-NPs). X-ray diffraction results examined by
Size Strain Plot (SSP) to estimate the micro strain for gastric specimens, which

exposed that the micro strain depends on the ionic radius of the dopants.

In (2014) Fujio Izumi, et al, [14] Stated that the microstructural determination
IS very important aspect in understanding the physical and chemical properties of
polycrystalline materials, especially in the field of nanotechnology. RIETAN-FP
which is the latest version of a multi-purpose pattern-fitting system provide new
features of Williamson—Hall and Halder—-Wagner approaches to estimate
crystallite sizes and micro strains from the integral breadths that evaluated using
the Rietveld and/or Le Bail analysis of the X-ray and neutron powder diffraction
data. In this method, the contributions of instrumental broadening deducted with
experimental results of instrumental standards displaying insignificant sample
broadening. The graphical representation of linear relationships: (Bcos6 vs. sinf)
in the Williamson-Hall plot and ((B/tan0)? vs. B/(tan0 sin0)) in the Halder—
Wagner plot is represented by Gnu plot. The resultant figure shows the deviations
from the linear relationships. By using these two approaches, the mean crystallite
size (D) of a microcrystalline CeO, sample was determined at 29.96 nm for
Williamson—Hall and 28.92 nm for Halder—-Wagner, which are consistent with

the results reported for the round-robin sample.

In (2014) A. Gaber, et al, [15] Synthesize crystalline tin dioxide nano particles
by adding ammonia solution (NH;OH) to a solution containing tin chloride
pentahydrate (SnCl,;.sH,0). The products characterized by X-ray diffraction
(XRD), Scanning Electron Microscopy (SEM) and High Resolution
Transmission Electron Microscopy (HRTEM). The results indicate that the size
of the crystals increases from (3.45 to 23.5 nm) as the temperature of the

calcination increases from (300 ° C to 1050 ° C). The (XRD) analysis shows a
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rutile tetragonal phase of the SnO,. Developed the crystallinity because of
decrease of (lattice distortion ratio and dislocation density) as the calcination
temperature is increases. Calculate surface area and porosity of SnO, nano
particles. The specific surface area decreases from (140 m?/g at 100 °C) to (8.3

m?/g at 1050 °C) related to pore volume.

In (2014) Hiten Sarma and K.C. Sarma, [16] Prepared ZnO nano particles in a
precipitation process of ammonia and zinc chloride in aqueous solutions of pH
(8.0). The nano particles then manufactured by heating the precursors in an
overcast oven at (623 K) for (3 hours) then allowed for cool until (room
temperature). The achieved (ZnO) nano particles were characterization using
scanning electron microscopy (SEM), X-ray diffraction (XRD), and X-ray
dispersion analysis (EDAX). Results of (XRD) reveal that the samples are of a
hexagonal structure with a wurtzite crystalline phase. The X-ray expansion
method used to calculate the particle size with micro strain in the Williamson-
Hall analysis method (W-H). The physical parameters like a pressure, stress and
energy density determine by using (W-H) analysis method with different models,
such as the model of uniform distortion, model of uniform distortion stress and

model of uniform distortion energy density.

In (2014) Mohammad Ramzan Parra and Fozia Z. Haque, [17] Synthesized
ZnO nano particles by simple aqueous chemical route without the involvement
of any capping agent to control the particle size. The effect of different
calcification temperatures on the size of ZnO nanoparticles was studied. The
results of x-ray diffraction indicated that all samples had a wurtzite crystalline
phase, and peak expansion analysis used to evaluate the average particle size and
micro strain using the Scherrer equation and the (W-H) method. Investigated
Morphology and elemental compositions using Atomic Force Microscopy
(AFM), Scanning Electron Microscopy (SEM), and Energy-Dispersive X-ray

(EDX) spectroscopy. Estimated the average particle size of ZnO nanoparticles,
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by the Scherrer’s method and (W—H) analysis found that the particle size increase
with the increase in calcination temperature. These results agree with (AFM)
results. The optical properties that examined using (UV) spectroscopy in
diffraction reflection (DR) mode, with a sharp increase in reflection at (375 nm).
The material has a strong reflective property after (420 nm) at (500 ° C). This
study suggests that ZnO nano particles prepared with band gap control used as a

window layer in optical electronic devices.

In (2014) L Motevalizadeh, et al, [18] Manufactured ZnO nano rods at low
temperature by water heating (0.1 M) of ZnCl; for (5, 10 and 15 h) at pH of (10).
No template, grains substrate, catalyst and autoclave used to synthesize ZanO
nano rods. The result of heating periods on the structure crystal orientation with
crystallization studied by using the X-ray and scanning electron microscope,
respectively. Images of (SEM) showed the formation of flower-like structures in
a (5-hour) thermally heated sample, while hexagonal zinc oxide nano rods
optimized to optimize time of growth. (XRD) results have shown that the chosen
orientation of nano rods controlled by hydrothermal processing time. The crystal
size and micro strain analyzed by (W-H) method and (H-W) method. The results
exposed the presence of some errors at (ZnO) nano rods. However, these errors
in crystal size and lattice were reduced by increasing the time of hydrothermal

process.

In (2014) P. Bindu and Sabu Thomas, [19] Synthesized (ZnO) nano particles
from zinc chloride with chitosan by precipitation technique. The composite nano
particles of (ZnQO) characterized in Fourier analysis of ultraviolet spectroscopy,
(XRD) analysis, Scanning Electron Microscopes (SEM), Transmission Electron
Microscopy (TEM), and optical fluorescence. The samples have crystallized and
a hexagonal phase revealed by (XRD) results. They have studied the evolution of
crystals at (ZnO) nano particles by analysis of X-ray peak. (W-H) and (SSP)

analysis used to study different contributions of particle size with micro strain on
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the peak expansion of (ZnO) nano particles. the value of stress, pressure and
energy density were determined for all peaks of the (XRD) peak corresponding
to the hexadecimal phase of the Z-O of ZnO located in the range (20-80) using a
uniform form of (W-H) plots and the (SSP) method. Results revealed that the
estimated particle size of the Scherrer method, the (W-H), the (SSP), and the
estimated particle size of the (TEM) are highly correlated. (XRD) and (SEM)
provide a smaller deviation between the size of crystals and particle size at current

State.

In (2015) Tamil Many K. Thandavan, et al, [20] Presented the synthesis of ZnO
nanowires (NWSs) via a vapor phase transport method (VPT) aided with a thermal
evaporation of brass (CuZn). Feld emission scanning electron microscope
(FESEM) and X-ray diffraction (XRD) were used to investigate the effects of
aliphatic alcohols such as ethanol and methanol as sources of oxygen on the
morphological and structural properties of synthesized ZnO NWs. Two types of
ZnO/NWs were synthesized based on ethanol and methanol alcohols such as ZnO
[ ENWs . ZnO / MNWs, respectively. Debye Scherer (DS) , Williamson—Hall
(W-H) and size-strain plot (SSP) investigation on the XRD peak broadening
showed that ZnO / MNWSs exhibited lower strain and stress value compared to
ZnO / ENWs . ZnO / MNWs with a (002) crystallographic orientation found to
be a hexagonal isotropic crystalline structure, whereas ZnO / ENWs with a (101)

crystallographic orientation is anisotropic crystalline structure.

In (2015) L. B. Patle, et al, [21] Prepare pure and doped Ti;«CuxO, nanoparticles
with a nominal compound of (0.0, 0.01, 0.02, and 0.03) at room temperature via
coagulation technique. The precursors calcined from in the range (500 - 600) °C
for 6 hours in the furnace resulting in the formation of different combinations of
TiO, phase. Structural analysis conducted by X-ray diffraction (Bruker D8 Cu-
Kaa). X-ray peak expansion analysis used to evaluate the crystal volume, lattice

parameters, number of unit cell per particle, (C / A) ratio and unit cell volume.
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Williamson-Hall analysis used to find the grain size and strain of TiO,
nanoparticles. The X-ray diffraction analysis confirmed the crystalline structure
of TiO, with a tetragonal anatase phase. The grain size of pure and doped copper
samples found within (10 nm to 18 nm). All the physical parameters of TiO,
tetragonal nano particles were calculated more accurately using the modified (W-
H) model of uniform deformation model (UDM). The calculated results were

almost identical with the standard values.

In (2016) Hossein Mahmoudi Chenaria, et al, [22] Synthesized ZnO nano
particles and La-Zr nano tubes using a sol-gel technique, and the zinc acetate
remover (Zn (Ac) »H,0), hexahydrate nitrate lanthanum (La*®) and (6 H,O) and
zirconium chloride (ZrCl,) as precursors. The structure and morphology of the
prepared nanoparticles were studied using X-ray diffraction and transmission
electron microscope. X-ray diffraction results indicated that all samples had the
crystalline wurtzite phase. The microscopic effects of crystalline materials in
terms of crystal sizes and lattice strain studied on peak expansion using the
Williamson-Hall analysis (W-H) and the Size-Strain Plot method (SSP). The
average crystalline size of the Zn xLax ZrkO Nano particles differed from
Williamson-Hall and Size-Strain Plot analysis with increased doping
concentration. The combination of Zr* *ion in place of Zn?* caused an increase

in the size of the nanoparticles compared to the non-dependent ZnO.

In (2016) Francisco Tiago L. Muniz, et al, [23] Calculated the particle sizes of
(Si, LaBg and Ce0,) using the dynamic theory of (XRD). The full width at half
the maximum then extracted and the crystallite size is calculated using the
Scherrer equation. The Scherrer equation appears to be valid for crystallites of
sizes up to (600 nm) for crystals with a linear absorption rate of less than (2117.3
cm). It is also clear that the larger the volume, the higher the peaks of the data
give good results, If one uses peaks with (20 > 60°), the maximum use of Scherrer

equation will rise to (1 um).
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In (2017) R. G. Solanki, et al, [24] Characterized and estimated the micro strain
and particle size CdS nano particles by X-ray peak analysis. CdS nano particles
manufactured in a non-aqueous thermal process and characterized by (TEM),
(XRD), Raman and ultraviolet visible spectra. (XRD) asserts that the (CdS) Nano
particles have a hexagonal structure. (W-H) method was used to study the X-ray
peak analysis of the profile. (SSP) method used to study separate contributions of
the crystalline size and micro strain of X-ray peaks. Stress, strain, and energy
intensity values were determined using different models, such as (an isotropic
strain model, isotropic strain model, and a uniform distortion intensity model).
The results confirm that the calculated crystalline size of (W-H), Scherrer, and

(SSP) are consistent with those determined by (TEM) images.

In (2017) Toshiro Sakae, et al, [25] Illustrated a laboratory that uses (XRD)
technology to analyze human bone metals and the variation in the size of the
crystals in a small bone mass. The bone trephine rod pulled small dorsal cortex
blocks. The micro-XRD patterns showed broaden peaks, but the (FWHM) was
obtained from the diffraction peak of (200).The values showed a wide aberration,
indicating crystal length of (12.4 nm) to (18.5 nm).The value of FWHM in
adjacent areas was observed closely within a single small bone mass separated by
only (1 mm). These findings indicate that the crystals in the bone may vary in

size from to the parts due to bone remodeling and tissue texture.

In (2017) Tetiana Tatarchuk, et al, [26] Prepared (Zn-doped CoFe,0,) Nano
particles (NPs) by the chemical co-precipitation route. The structural magnetic
and optical properties of CoFe,O4 nanoparticles were examined with respect to
Zn content. Both (XRD) and (FTIR) analysis confirm the formation of a cube
spinel phase, where the crystal size varies from (46 -77 nm) with (Zn) content.
The crystals size was studied by means Scherrer method, (W-H) method, and
(SSP) method. The results of (TEM) are in a good agreement with (SSP) method.

(SEM) images reveals that the surface is of spherical particles. Zn doping
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concentration remarkably enhances the magnetic properties of the sample where
the saturation magnetization (M) increases then decreases along with
continuously decrease of both coercively (Hc) and remnant magnetization (M).

This related to the change in the particle size and preferential site occupancy.

In (2017) B. Rajesh Kumar and B. Hymavathi, [27] Used a conventional solid-
state reaction method to fabricate (ZnO) doped with different concentrations of
Al (2wt%, 4wt%, 6wt%, 8wt% and 10wt%). The (XRD) results showed that the
samples crystallized with a hexagonal wurtzite phase. With increasing
concentration in (ZnO), the (XRD) peaks shift to a higher angle. This shift in the
peak position and decreases in its intensity were due to the successful replacement
of Zn in the (ZnO) matrix. X-ray peak expansion analysis used to evaluate the
particle size and the micro strain by both (W-H) and (SSP) methods. Stress, strain,
and energy density values were determine using (W-H) method with different
models, such as a standard uniform distortion model, a uniform stress distortion

model, and a uniform energy distortion intensity model.

In (2018) Shashidhargouda H. R. and Shridhar N. Mathad, [28] Described
the synthesis and the structural properties of (Nig45CugssMn,O,4) nano powder,
obtained by co-precipitation. The X-ray diffraction pattern reveals a cubic
structure with a lattice parameter of (8.305 A). They also reported the size of the
crystals (D), the lattice strain (¢), the dissociation density (pp), the lengths of
mobility (La and Lg), and the preferential trend in tissue treatments Tc (h k I).
The Williamson Hall plot and the stress plot used to understand the mechanical

properties of materials.

In (2018) Francisco Marcone Lima, et al, [29] Reported on using of modified
Scherrer formula to estimate the size of nanomaterials more accurately. Titanium
dioxide powder with a Nano size structure of about (21 nm) used as a reference
standard for determining the accuracy of the modified equation. From X-ray

diffraction data, the average crystalline size achieved at about (20.63 nm) for the
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non-heated sample. To establish a relation between the obtained result with the
modified Scherrer equation and the mean nominal crystal size, a statistical
treatment and comparative evaluation performed. The average absolute spacing
does not exceed (0.70 nm). The value of the crystallized volume of x-ray data
was in good agreement with those reported by the supplier. In addition, the

sample behavior studied as a function of temperature.

In (2018) Rashi Gupta, et al, [30] Used an electrode position technique coupled
with a template synthesis method to fabricate copper nanowires with a 200 nm
diameter into the pores of a polycarbonate track-etched (PCTE) membrane. The
synthesized Cu nanowires were irradiated with 150-MeV Ti*® swift heavy ions at
Inter University Accelerator Centre (IUAC), New Delhi, India. (XDR) , scanning
electron microscopy (SEM), EDS, and Keithley (2400) series source meter were
used to study the structural, morphological, and electrical properties, respectively.
X-ray diffraction analysis confirmed a cube-centered crystal structure for as
prepared irradiated samples. The lattice strain and crystalline size were estimated
using line expansion analysis methods and the modified Scherrer equation.
Young’s modulus and the stress generated in the nanowires were theoretically
calculated. A change in the electrical conductivity of nanowires observed with an
increase in flounce attributable to the change in the direction of grain boundaries

and the formation of defects.

In (2018) Mosayeb Geravand and Farid Jamali-Sheini, [31] Grew the
nanomaterials of the unsaturated Silver Sulphide and Aluminum (Al) by using a
sonochemical method. Samples studied using different identification methods
including (XRD), (FESEM), (PL), Raman spectroscopy and (UV-vis). The results
showed that the addition of Al dopant converts the diffraction peaks to higher
angles and reduces their intensity. In addition, the size of Nano crystalline crystal
has been reduced compared to the undamaged sample. Stress in drug samples

found to be greater than the non-narcotic sample using the Hall-Williamson (W-
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H) method. The effect of parameters that affect the crystalline and optical
properties of the material on the growth process investigated using Raman

analysis.

In (2018) B. Rajesh Kumar and B. Hymavathi, [32] Synthesized ZnO with
Sh,0s (2, 4, 6, 8 and 10% weight) with conventional solid state reaction. The
intensity of the (XRD) intensity is sharp and narrow, confirming that the sample
Is of high quality with good crystallization. The full supply intensity decreases at
peak X-ray reflection at the maximum (100) and (101) with increasing Sh,0s;
dopant in ZnO. A personal X-ray peak analysis used to evaluate the size of the
crystalline and lattice strain through the Williamson-Hall (W-H) method. Using
models such as the Uniform Deformation Model (UDM), the Uniform Stress
Deformation Model (USDM) and the Uniform Deformation Energy Density
Model (UDEDM) for the (W-H) method, physical parameters such as stress,

pressure and energy density values were calculated.

In (2018) H. Irfan, et al, [33] Prepared CoAl,O4 Nano particles by a Pechini
method Using Citric Acid Claw Agent. CoAl,0, nanoparticles manufactured at
different calcification temperatures ranging from (600-900 °C). The cubic phase
of crystalline spinel confirmed by (XRD) results. The Williamson-Hall (WH)
method and the Size-Strain Plot (SSP) method were used to assess the size of the
crystals and the strain in the expansion of CoAl,O, nanoparticles. Physical
parameters such as pressure and stress values for all XRD reversal peaks
corresponding to the CoAl,O, spinel phase were calculated in the range of (20 to
70 )degrees from the shape of a piece modified by the (WH) scheme, assuming a
uniform distortion model, the uniform distortion model (USDM) UDEDM), the
(SSP) method. The size of the CoAl,O4 NPS crystals calculated on the (WH) and
(SSP) patterns corresponds to the good compatibility with (HRSEM) and
Scherrer.




Chapter One Introdaction And Literature Rivew

In (2018) Hosein Kafashan [34] Prepare undoped and Se-doped (SnS) thin film
by used an electromechanical method. Six specimens including undoped and Se-
doped SnS thin films deposited on the activated oxide glass oxide substrate. A
water solution containing (2mM SnCl;) and (16mM Na,S,03) used in electrolyte.
Prepared changed (SnS) Se-doped samples by adding different depths of (4 Mm
Se0,) solution to the electrolyte. The practical properties (E), sedimentation time
(t), temperature of bath (T), and pH, were maintained in (-1) V, (30) minutes,
(333 K), and (2.1) respectively. Next the sedimentation process was completed,
x-ray diffraction (XRD) and TEM were used to describe the deposited in the
deposited fins. (XRD) patterns showed clearly that the synthetization of thin and
(SnS) synthesized non-anesthetic and anesthetized se at the orthopedic structure.
Calculated the crystallite size of the deposited by using the Scherrer method. The
size of the crystal and the micro strain determine by using a uniform form of
(WH) method inclosing a uniform distortion pattern, a uniform distortion stress
model, a uniform distortion density pattern, and by (SSP) method. The (Sns)
crystals shaped spherically in images of (TEM). The results revealed good
agreement on particle size gotten from the (W-H) method, (SSP) method,and
images of (TEM).

In (2019) Ahmed A. Al-Tabbakh, et al, [35] manufactured using the sol-gel
method of rechargeable lithium battery, ball of high-energy grinding is performed
on (Li;1MnigsFeo0sOs ) Spinel, at various times to obtain micro powders of
limited size distributions. The powders examined by scanning electron
microscope, particle size distribution, and X-ray diffraction measurements
(XRD). Performed powders structural analysis to study the milling effect on
crystallite size, and micro strain. The image of scanning electron microscopy with
volume supply measurements show that crystallite size reductions with increased
grinding time. Results of (XRD) show that the width of the diffraction peaks

increases with reduced crystallite size (increasing the duration of the milling).
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This expansion examined by to Scherrer method, (W-H) method, and (H-W)
methods. The peak expansion accredited to contributions of particle size with
micro strain. However, reducing crystallite sizes is required to reach a greater
specific capacity with density of energy for the dynamic material of the battery,
lattice strain results in material squalor and reduced retention of capacity.
Therefore, while mechanical grinding performed, a poetic strain taken extremely
in order to improve grinding standards with improve the electrochemical feat of

the material.

1.3 The Aim of the Work
1- Camper between three analysis X-ray diffraction methods.
2- Modified a better method among these methods to calculate the crystallite size

and lattice strain.
3- Calculated the physical and lattice parameter by using a better method.

4- Studying the effect of calcination temperature on the crystallite size and the

lattice strain.
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2.1 Introduction

This Chapter includes the method that used for calculate the full width at half
maximum (FWHM) and integral breadth (B) with distinguish between (FWHM)
and (B) (which is dependent on the X - ray diffraction method with the Bragg’s
law). Also, includes the methods of analysis X-ray line profile to calculate
crystallite size and lattice strain such as Scherrer method, modified Scherrer
method, and Williamson —Hall method, Size-Strain plot method, and Halder-
Wagner method. Furthermore, calculation method some of lattice parameters and
physical factors. Studying the effect of calcination temperatures on the (D) and
(e). Developed Halder-Wagner method to calculate a new parameters for example

the stress and lattice energy.

2.2 X-Ray diffraction

X-ray diffraction analysis (XRD) is an effective way for examining ultrafine-
grained materials (UFG) structure properties, and provides information about the
crystal lattice system, lattice parameter, texture, etc. Furthermore, quantitative
estimates of crystallite size and lattice strain can be obtained from peak
broadening. In fact, diffraction lines for ultrafine-grained materials (UFG) are
broader than that found in coarse granules (CG). The presentation of the
experimental line is the result of three contributions, which are the coherence
length (or crystallite size), internal poetic abnormalities and beneficial effects. A
reduction in crystallite size or improved strains leads to widely broader diffraction
lines [36].

X-ray diffraction lines analyzed by using analytical program such as (Origin). In
this method. obtained of the area under the curve for all the curves to the x-ray

diffraction pattern of NiO powder , as shown in figure (2.1).
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Figure (2.1): X-ray diffraction pattern of NiO powder [37].

Three methods used for (XRD) analysis including :- (powder diffraction, single
crystal (XRD), and grazing incidence diffraction). In these techniques, the
monochromatic x-ray beam is used. X-ray diffraction analysis is a suitable
technique to analyze the structural properties and phase of individual crystals and
crystalline materials. It is very important to study the mechanical actions of
micro-scale / nanoscale structures of the electronic devices. The mechanical
properties of metals depend on the feature size. For instance, the yield strength of
Au increases by 80 times, when its dimensions decrease to smaller than 1pum due
to the dislocation starvation effect. According to this effect, dislocation defects
may be eliminated without any interferences with other defects and gliding along
their planes to the surfaces. In addition, the crystallite size of the particles differed
from the particle size owing to the existence of the grain boundaries and/or

polycrystalline aggregates. [38].

Methods principle based on (XRD) by serial atomic planes with angle or detect
the power solution of the diffraction signal. The Engineering Interpretation of X-

ray diffraction (constructive interventions) given by W .L. Bragg. Figure (2.2)
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gives the details about the determination of Bragg’s law with the diffraction

geometrical condition. Bragg’s law given in:
nA=2dsin6 (2.1)
where,

e nis the diffraction order

e A the incident beam wavelength in nm

e d the inter planer distance in nm

e 0 the reflection beam angle in degree
In polycrystalline, an impermeable material with very small grains, the diffraction
happens for each lattice flat surface with direction that meets the Bragg’s law in

the constructive interferences case.

2dsind=n /A

4
d
T

Figure (2.2): Geometrical condition for diffraction from lattice planes [39].
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2.3 The Full Width at Half Maximum (FWHM)

Generally, the diffraction data is represented as a distribution function of angle

(20), as in Figure (2.3).

Peak position 26
' mode

INtENSItY e

Background

'
)
|
|
|
|
|
!
|
|
|
|
|
|
1
\

AR AN AR

Bragg angle 20 ———»

Figure (2.3): Diffraction peak and information content that extracted [39].

The maximum peak intensity (I max) and the integrated intensity | (i.e., area under
the peak) were defined after the background subtraction. The peak position
calculate by numerous ways (fit of changed mathematical function, center of
gravity, etc). The width of peak can generally be marked either by the Full Width
at Half Maximum (FWHM) relating with the largest width peak at half the
greatest intensity, or by the Integral Breadth (IB)which relates with a rectangular
display of the similar highest density and integral as the measured peak. Different

peak parameters used depending on the measurements purpose [39].
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2.4 Analysis methods of X ray diffraction

2.4.1 Scherrer method

Scherrer’s equation derived for a perfect case of parallel, extremely narrow
and monochromatic (X-ray) beams that incident on the monodisperse powder of

the crystals in the form of a cube, the equation is [40]:

Bhrii = 2 (2.2)

Dcos6
KA
o ,Bhkl*COSG

Where,
D is the mean size of the ordered (crystalline) domains, which may be smaller

or equal to the crystallite size.

K is a dimensionless shape factor, with a value close to unity. The shape factor
has a typical value of about 0.9, but varies with the actual shape of the
crystallite.

A is X-ray wavelength .

Brri 1S the line broadening at half the maximum intensity (FWHM), after
subtracting the instrumental line broadening, in radians . This quantity also
sometimes denoted as A (26).

0 1s Bragg’s angle.

It is important to note that Scherrer equation can only be applied to medium sizes
of about (100-200) nm (depending on the instrument, sample ratio and noise
signal), because the diffraction-peak expansion decreases with increasing crystal
size. Equation (2.2) used to determine the (D) while, Equation (2.3) used to
determine the (g) [41].

_ PBru (2.3)

" 4tand
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2.4.2 Modified Scherrer method

Modified Scherrer equation can support the advantage of reducing the amount
of errors absolute values ,>'(+A InB)? with creating one line through the points to
give one value for the (Ink A / D) intersection. Taking the logarithm of both sides
In equation (2.2), we get equation (2.4). By drawing the results of Inf} versus In
(inverse cos 0), the slope of the straight line y-axis represents In (kA / D). Equation

(2.4) used to determine the (D) [42].

B = I+ In— (2.4)

cos@

lnf = lnﬂhkl —In c0s0

kA
slope = In >

Ak
2= — pslope
D

2.4.3 The Williamson- Hall method

A simple way to separate the crystallite size and lattice strain contributions in
the peak broadening in (XRD) patterns is Williamson-Hall method (WH).This
analysis assumes that the crystallite size (D) and lattice strain (&) contribute to the

line broadening with Lorentzian profiles described by equation (2.5):
Brricosl = (%'1) + (4¢ sin0) (2.5)

The practical application of the W-H plotting involves the construction of plotting
B/AcosO against sinf. (WH) plot has a straight line when the sample reveals a
homogeneous distribution for the crystallite size and lattice strain. The diagram
can be fitted by a linear function that requires from the slope of the lattice strain
value and the crystallite size towards y-axis. The positive slope shows increased

lattice, the negative slope shows decreased lattice, while the horizontal slope
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shows (particles free of lattice strain) perfect crystals. From equation (2.5)
extracted (D) and (¢) [43]:
If(e)=0

Therefore,

kA

F = IBhleOSQ

Briicosd = y_intercept

D= kA . kA

B Briricoso - y_intercept
If (D) =
Therefore,

(4€ sinfB) = Byicos6

_ Bhkicoso

= slope
4 sin@ p

2.4.4 The Size-Strain plot method

The conforming of (W-H) plots explained that line expansion was isotropic.
This focuses on the fact that the bending areas were specific due to contribution
of lattice strain. In the case of expansion of the characteristics line, the best
calculation of the size-strain parameters found by considering the mean Size-
Strain Plot. This method has a less important feature of data than reflections at
high angles, where accuracy is usually much lower. In this way, assumed that the
crystallite size profile expressed by a Lorentzian role and the strain profile by a

Gaussian role. Therefore, we have:

k
(dnxiPrricost)? = (g) (dhklzﬁhklcose) + (%)2 (2.6)
The crystallite size is calculated from the linearly fixed data slope and the strain

maybe calculate from the root of y-intercept [44].
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If (£ = 0)

_ k(dhklzﬁhklcose)
(dhkiBrricosf)?

Slope = (dhklﬁhklCOSQ)Z/(dhklz.BhleOSQ)
k
o slope

If (D =)

D

8 .
(E)2 = (dpPrricos8)? = y_intercept

% = Jy_intercept

¢ = 2,/y_intercept

2.4.5 The Halder-Wagner method

For the determination of (D) and (€), Halder-Wagner proposed a different
formula containing the integral breadth (*) of the mutual lattice point and the
lattice plane spacing (d*) [45]:
where 8%, = Brxicos6/A and d*py, = 2sinf/A

* 2 *
(74) = () (@) + & .7
The plot of (5:—}’;";)2 against (%) Is a straight line. The intercept gives the mean
value of (&) and the slope gives the average proper size (D). Although rounding
and additions, this plot have the advantage is that data re-bending at low
intermediate angles gives greater weight than those in higher angles, it is often
less reliable [46].
If (¢ = 0)

D = ()/ ()

2
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1 (B B
slope - (d*hhk’;lz)/(d*::;)
D = 1/slope
If (D =)

(Frs) =

d* hkt

2

(%)2 = y_intercept

d* hkt

¢ = 2,/y_intercept

The size parameter (¢f) determine from (Bf) in the same way as point out in the
Langford method. The Williamson—Hall method plot (B f against dx) is the base
on the analysis, it is useful as a preliminary estimate of the nature of structural
defects in the sample. It is possible to see if there are contributions based on both
the (d+-independent) and (d*-dependent) contributions to the line width. If all
values of (Bfx) lie on a horizontal line, then, the strain broadening is small and
the crystallites are spherical on average. If the values of (B* f), corresponding to
unlike reflection groups, lie on many horizontal lines, the breadth of stress again

is negligible and the crystal shape is not spherical [47].

2.5 Some of lattice parameters

2.5.1 Specific Surface Area (SSA)

Surface states will play an important role in nanoparticles, due to their large
surface to volume ratio and low particle size. The (SSA) with (SA) ratio increases
significantly with the decrease in material size. Mathematically, (SSA) can be

determine by using equation (2.8) [48]:

s=6x103/Dp (2.8)

where,
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e S are the specific surface area

e D is the size (spherical shaped)

e pis the density of NiO (6.67 g/cm?).
The surface area defined (SSA) is a physical property. Derived scientific value
used to determine the type of material and its properties. Are particularly
Important in the case of adsorption, heterogeneous catalysis and reactions on

surfaces. (SSA) is the surface area (SA) of each mass [49].

2.5.2 Dislocation Density

The length of disruption lines for each unit volume in the crystal known as the
dislocation density. A disruption is a crystallographic fault, or anomaly inside the
structure of crystal. Exfoliation strongly affects many properties of substances. It
is a kind of topological faults, mathematically, increases with plastic distortion.
The dislocation prevents other disorders in the sample. Therefore, greater
dislocation intensity means greater rigidity. Hendrickson and Chen calculated
with fixed disruption density and numerous silver crystals hardness, and then
found that the crystals and the greatest density of dislocation were harder. It
revealed that the density of the disintegration rises as the grains size reduces with
raising pressure and these factors reach the values of saturation. It is known that
the strength of the material exceeds the allowable size of the grain (about 20 nm)
while reducing the grain size. The X-ray line profile analysis used to determine
internal stress and deformation intensity. For the sample the dislocation density

(0) calculate by using equation (2.9) [48].
8=1/D? (2.9)

where,
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e 0 dislocation density

« D crystallite size (nm)

2.5.3 Morphology Index (M1)
Morphology Index is calculated from (FWHM) of X-ray diffraction peak
based on a previous report. (Ml) is found by using equation (2.10) [48].

M| = FWHMy,
FWHMp—FWHM,,

(2.10)

where,

e M.I. is morphology index
e FWHM,, is highest (FWHM) value obtained from peaks.
e FWHM, is particular peak’s (FWHM) for which (M.I) is to be calculated

2.5.4 Texture Coefficient
Texture coefficient is calculated as a measure of the predominance of
crystalline orientations using equation (2.11) [50].

1(hkl)/I-(hkl)
2Nl (hkD) /1 (hkD)

(2.11)

c

where,

e |(hkl)and I (hkl) are the obtained and standard intensity of the (hkl) plane
respectively.
e N is the number of diffraction peaks.
The difference in the texture coefficient values helps the discussion on the

prevalence of different angles.
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2.6 Calculation of crystallite size with change temperatures

To find the relation between the calcination temperatures of NiO and the
crystallite size ,must be choose three calcination temperature (200, 300, and
400)°C from the figure (2.4) then calculate the crystallite size of NiIO

nanomaterial by using equation (2.2).
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Figure (2.4): The X-ray diffraction pattern of NiO nanomaterial with varies

temperature [51]
2.7 Modified Halder-Wagner method

Strain calculated from Uniform Stress Deformation Model (USDM) using
Hook’s Law by maintaining linear consistency between stresses with strain

follow the relation:
c=Yc¢ (2.12)
where,

e o is the stress

e Y is the Young’s modulus.
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This Hook’s law is valid for a significantly small strain. Assuming a small strain
to be existing in the NiO with different fuels, here Hooke’s law can be used.

Applying the Hooke’s law approximation to equation (2.13) yields:

(ﬁ*hkl)
d*hkt

Determine the energy density of a crystal from a model called Uniform

2

_ (%) (M) n (%)2 (2.13)

2
d*hki

Deformation Energy Density Model (UDEDM). We need to underlie the crystals
to be homogeneous and isotropic nature from Equation (2.13). The energy density

(u) calculated by the equation (2.14):

2
u=" (2.14)
u (ﬁ*hkl)z
2Y o d*nki
g \2
( *h"’) = y_intercept
A"kl

u .
5 = y-intercept

u=2x*Y *xy_intercept

Using Hooke’s law, the energy and strain relation can be modified as in the
Equation (2.15) [52].

2

(2 = 6) () 5 @
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3.1 Introduction
In this chapter, the full width at half maximum (FWHM) and the integral

breadth (Byx) of NiO were calculated. Williamson-Hall, Size-Strain Plot, and
Halder-Wagner methods were used to calculate the crystallite size and the lattice
strain of NiO. The results were compared with the results Debye Scherrer and
modified Scherrer methods. Also, the physical and lattice parameters such as
specific surface area (SSA), dislocation density (), morphology index (MI), and
Texture coefficient for NiO have been calculated. Modified Halder-Wagner
method was used to calculate the strain and the energy density of NiO. Finally,
crystallite size of NiO at three different calcination temperature have been

calculated.

3.2 Calculation of the full- width at half-maximum (FWHM) and
the integral Breadth (Bx1)

By using (Get Data Graph Digitalizer 2.24) program, we can get the data for
the intensity and 20 of NiO nanoparticles to all profile lines (111), (200), (220),
(221), (222), and (311) as shown in figure (2.1). The data is used to plot the figure
by the analytical program (Origin 9.1).We can take each line separately and fit it.
Began the analyzing process by zooming each peak, then click on the (gadget)
tool tab on the top of the (Origin 9.1) window and will pop up another window,
go to the find peak tab, set the height to the maximum, set the baseline to the
straight line. After that, make sure the line under the curve is a straight line to
complete the fitting by chose fit peak and tab on the Gaussian to apply the fitting
as shown in the figures (3.1), (3.2), (3.3), (3.4), (3.5), and (3.6).
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Figure (3.1): The profile line (111) and the fitted curve
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Figure (3.2): The profile line (200) and the fitted curve




Chapter Three Results And Discussions

intensity (counts per second)

intensity (counts per second)

1 peak(s) found
T = T

1 o @E] v 1
300 1
250 - _
4'4 ' 4'5 ' 4I6 ' 47
20 (degrees)
Figure (3.3): The profile line (220) and the fitted curve
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Figure (3.4): The profile line (221) and the fitted curve
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Figure (3.5): The profile line (222) and the fitted curve
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Figure (3.6): The profile line (311) and the fitted curve
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The fitted curves shown in figures (3.7),(3.8),(3.9),(3.10),(3.11),and (3.12) were
used to calculate the FWHM and integral breadth.
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intensity (counts per second)

1000

800

500

400 -

200

1500
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Figure (3.7): The fitted curve of the profile line (111)
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Figure (3.8): The fitted curve of the profile line (200)
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Figure (3.9): The fitted curve of the profile line (220)
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Figure (3.10): The fitted curve of the profile line (221)
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Figure (3.11): The fitted curve of the profile line (222)

260

240

220

200

180 H

160 H

140

T T T I T I T T
63.5 64.0 64.5 65.0 65.5 66.0 66.5

20 (degrees)

Figure (3.12): The fitted curve of the profile line (311)
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To calculate the integral Breadth take 20 steps to the right and 20 steps to the
left as shown in figures (3.13),(3.14),(3.15),(3.16),(3.17),and(3.18).

1000 -
800 -+
600 -+

400 - ﬁ

200 4

intensity (counts per second)

36.0 36.4 3(:‘:.8
20 (degrees)

Figure (3.13): Fitted profile line (111) with 20 steps to the right and 20 steps to
the left.
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Figure (3.14): Fitted profile line (200) with 20 steps to the right and 20 steps to
the left.
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Figure (3.15): Fitted profile line (220) with 20 steps to the right and 20 steps to
the left.
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Figure (3.16): Fitted profile line (221) with 20 steps to the right and 20 steps to

the left.
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Figure (3.17): Fitted profile line (222) with 20 steps to the right and 20 steps to

the left.
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Figure (3.18): Fitted profile line (311) with 20 steps to the right and 20 steps to

the left.

Used the 40 points to calculate the total area under the curve by calculate the sum

of spaces between each two points on the peak and lie on the same horizontal line,
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(X1, y1) and (X2,y2) represented the point data of the left and right steps

respectively. Areas under the curves was calculate after subtracting intensity to

get rid of background values for each peak. The results is listed in the tables (3.1),
(3.2), (3.3), (3.4), (3.5) and (3.6).

Table (3.1): The area under the curve for line (111)

X1

Y1

X2

Y2

Area=(yl+y2)/2*(x2-x1)

36.569211

36.6173141
36.668216

36.7150947
36.767396

36.800456

36.8471598
36.8761966
36.9064578
36.9353197
36.9613829
36.9752016
36.9972416
37.0122848
37.0343248
37.0495429
37.0673848
37.0826028
37.1046428
37.1293066

1.787323
3.581833
7.170853
10.759873
30.050857
47.771644
88.372435
123.81401
166.209311
219.147359
273.879917
305.732472
358.67052
393.887781
446.825829
482.267403
524.662704
556.515259
600.480756
641.305861

37.795825

37.7525518
37.7046058
37.6566599
37.6103392
37.5479689
37.5065241
37.4744247
37.4409032
37.4120544
37.3929572
37.3754854
37.3529346
37.3387133
37.3161625
37.3019412
37.2793904
37.2682165
37.2426183
37.2251465

0

2.023812
7.842273
15.937522
31.875045
73.616175
117.381117
167.217497
226.919962
288.64624
330.640346
374.405289
428.289293
463.958987
515.819179
547.694224
593.482979
611.444313
649.390795
669.122966

0.728559677
2.468930075
7.242991971
14.17713558
36.73195418
81.19446434
156.0241827
243.2445977
367.7918016
532.5746154
700.366383

849.5694317
1106.234608
1313.988772
1707.800284
2040.349771
2637.066386
3146.210576
4529.324231
6836.551515
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Table (3.2): The area under the curve for line (200)

X1

Y1

X2

Y2

Area=(y1l+y2)/2*(x2-x1)

42.8858683
42.9212826
42.9536322
42.9798524
42.9999432
43.0261635
43.0414869
43.0554484
43.0690692
43.0782633
43.0939274
43.1061862
43.1184449
43.1324064
43.1429625
43.1555619
43.1678207
43.1845062
43.2015323
43.2199205

3.79107
43.807919
98.989048
150.379107
201.769166
272.114574
319.713564
367.733783
409.435552
441.870261
497.05139
540.859309
584.667228
632.266217
664.700927
704.717776
740.943556
784.751476
820.977256
851.305816

43.6370602
43.6019864
43.5709989
43.5403519
43.5233258
43.4940409
43.4739501
43.4633939
43.4507946
43.4402384
43.4249149
43.4109535
43.3986947
43.3864359
43.3738365
43.3615778
43.3523837
43.3339955
43.318672

43.3016459

0
37.910699
87.615838
148.694187
188.711036
272.114574
329.401853
367.733783
409.435552
445.661331
497.05139
548.441449
592.249368
634.372367
672.283066
712.299916
738.837406
788.542546
818.871106
847.514746

2.523369861
60.02509315
151.1296981
266.7917581
373.0351391
581.5937551
750.4863038
901.4287031
1072.591847
1225.956691
1501.722542
1787.102419
2099.76349

2493.093487
2895.484102
3439.097885
4008.877624
5262.229544
6999.541411
10393.4674
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Table (3.3): The area under the curve for line (220)

X1

Y1

X2

Y2

Area=(y1l+y2)/2*(x2-x1)

442437684
44.2869012
44.3201135
44.3528944
44.3843814
444137117
44.4426107
44471941

44.4991146
44.5267196
44.5538933
445793417
44.6065153
44633689

44.6630193
44.6945062
44.7272872
44.7643814
44.8053575
44.8484904

0.336984
5.526537
9.941028
14.658804
18.904802
23.352991
27.598989
32.181971
36.259477
40.673968
44.650379
48.323504
52.434709
56.074136
60.050547
63.723673
67.3631
70.73294
73.90059
76.192081

45.6011578
45.5562997
45.5209308
45.4877185
45.4566629
45.4256073
45.3980023
45.3691033
45.3436549
45.3143246
45.2910329
45.2638593
45.2362543
45.2112372
45.1836322
45.15042

45.1154824
45.0805448
45.0356867
44.9947106

0
5.324347
9.907329
14.625105
19.039595
23.622578
27.902274
32.148273
36.259477
40.673968
44.2123
48.155012
52.266217
55.636057
59.443976
63.386689
67.194608
70.395956
73.90059
76.057287

0.12412945

4.274025848
8.264519923
12.90240003
17.69330022
23.21166778
29.04634236
35.85206601
42.93398077
51.64259749
60.2753393

70.47190313
83.13041276
96.71071003
114.7633136
139.4017488
173.3119163
223.1898063
320.8476824
520.6167411
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Table (3.4): The area under the curve for line (221)

X1

Y1

X2

Y2

Area=(y1l+y2)/2*(x2-x1)

62.3884904
62.4493076
62.4963224
62.5347106
62.5627469
62.5925085
62.6132123
62.6343473
62.6516005
62.667/1283
62.6848127
62.6986152
62.7162997
62.7301022
62.7439047
62.7581385
62.771941

62.7909194
62.8120545
62.8418161

1.26369
9.68829
22.184779
39.174389
57.427689
79.472058
100.533558
122.718337
143.639427
163.577646
189.132266
207.245156
231.676495
252.176355
272.535804
291.771974
310.586914
333.333333
355.939343
377.000842

63.397798

63.3175709
63.2688309
63.232168

63.2024064
63.1748014
63.151941

63.1312372
63.1135528
63.098025

63.0803405
63.066538

63.0510102
63.0350511
63.0212486
63.0074461
62.9932123
62.9742338
62.9530988
62.9254938

0

9.12665
22.746419
38.612749
57.427689
79.472058
100.533558
122.718337
143.639427
164.139286
189.693906
207.245156
232.238135
252.176355
272.535804
291.771974
310.586914
333.333333
355.939343
377.562482

0.626018272
10.83481244
29.08136156
55.7647951
89.77852905
136.4812417
186.61259
246.9728948
310.9399542
380.2731977
478.8869101
563.284352
693.0087792
826.9462687
982.6637759
1170.32924
1403.647531
1818.369604
2523.599628
4508.747994
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Table (3.5): The area under the curve for line (222)

X1

Y1

X2

Y2

Area=(y1l+y2)/2*(x2-x1)

74.9225653
75.0045176
75.0571396
75.0981158
75.1214075
75.1373666
75.1507378
75.1684222
75.1817934
75.191714

75.2033598
75.2150057
75.2266515
75.2387287
75.2464926
75.2542565
75.2676277
75.2797049
75.2913507
75.3068785

0

3.6281944
10.884583
21.7158101
30.8930081
38.1493961
45.6192081
54.5296261
63.4400451
70.9632131
78.3796691
87.3434431
95.2934571
103.0300481
108.5790511
115.0884581
123.2518951
130.0280821
136.8042681
144.0073011

75.7865153
75.7084449
75.6497843
75.6092395
75.5855165
75.5699886
75.5544608
75.5406583
75.5251305
75.5156413
75.5035641
75.4919183
75.4802724
75.4707832
75.462588

75.4530988
75.4392963
75.429807

75.4160045
75.4004767

0

3.1479922
10.884583
21.9825891
30.6262291
37.6691941
46.0994101
54.3162031
64.1870261
70.4296551
77.8994661
86.8632411
95.7736591
102.5498451
108.0988491
114.6082561
123.7320981
129.5478801
136.3240661
143.5270991

0
4.813129566
18.36611886
42.74738111
66.27671215
87.62683151
113.5910243
146.2053643
185.8626277
218.2478417
260.2879692
314.551747
376.6785707
442.9560582
501.3477848
577.5851371
719.3627524
864.6646589
1095.547565
1536.003899
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Table (3.6): The area under the curve for line (311)

X1

Y1

X2

Y2

Area=(y1l+y2)/2*(x2-x1)

64.3381385
64.3890465
64.4370034
64.4908627
64.5410329
64.591941
64.642849
64.6937571
64.7365494
64.7741771
64.8191827
64.8649262
64.9077185
64.96084
65.0139614
65.0626561
65.1268445
65.1880817
65.2522701
65.3378547

0
4.403258
8.531311
13.524291
18.635215
23.628194
28.896377
34.164561
38.567818
42.695872
47.256389
51.816905
56.220163
61.213142
66.206122
70.058972
74.580174
78.433024
81.578208
84.29093

66.5183314
66.46521

66.4165153
66.3663451
66.3102724
66.2615778
66.2114075
66.1627128
66.1228717
66.0830306
66.0402384
65.9893303
65.9494892
65.89563

65.8454597
65.7945516
65.7325766
65.6661748
65.5990352
65.5363224

0.157259

4.560517

8.963774

13.524291
18.949733
23.903398
29.053637
34.32182

38.449874
42.577928
46.823926
52.249368
56.102219
61.370402
65.773659
69.901713
74.46223

78.590284
81.853412
83.937096

0.036065387
2.158735331
4.419040118
7.211099928
10.62178071
14.23411127
18.47237894
23.31124792
27.77770076
32.57576192
38.52417011
46.27618887
53.90935932
65.5674237
79.36262828
95.61521078
123.0266681
164.2183374
235.6517712
423.81714

Now plot a new peaks for the new intensity values (after subtracting intensity to

get rid of background values for each peak) to calculate FWHM. The figures
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(3.19), (3.20), (3.21), (3.22), (3.23), and (3.24) used to calculate the FWHM by

the same way as shown in the figure (2.3).
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400 1 FWHM 7]
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200 H -
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Figure (3.19): Calculated (FWHM) for line (111)
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Figure (3.20): Calculated (FWHM) for line (200)
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Figure (3.21): Calculated (FWHM) for line (220)
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Figure (3.22): Calculated (FWHM) for line (221)
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Figure (3.23): Calculated (FWHM) for line (222)
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Figure (3.24): Calculated (FWHM) for line (311)
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By calculate (20,), (20,) from the previews figures for all new peaks, the FWHM
represented by (20, - 20;).The results of (B) and (FWHM) for all peak listed in the
table (3.7).

Table (3.7): The FWHM and integral breadth (B) of the lines (111), (200),
(220), (221), (222), and (311) for NiO powder

hkl 201 202 20/2 lo/2 FWHM  AreaUnder p=Area/lo
intensity The Curve
111 36.99211 37.38700 18.49606 340.5088 0.39489 26309.64119 38.63284
200 43.07664 43.44256 21.62980 439.97472 0.36592 46265.94227 52.57795
220 4451371 45.32686 22.46014 38.85425 0.81314 2028.66460  26.10608
221 62.68765 63.07503 31.44067 194.74867 0.38738 16416.84948 42.14881
222 75.20030 75.50620 37.67662 76.72564 0.30590 7572.72317  49.34937
311 64.77037 66.08076 32.71278 4255827 1.310386 1466.78682  17.23269

Table (3.7) shows the differences in the values of FWHM for all lines profiles.
While the line (311) has largest width, the line (222) has smallest width. The line

(200) has the highest intensity and the maximum area under the curve while, the

line (220) has the lowest intensity and the minimum area under the curve, that is

mean the crystal orientation (311) constitutes the largest percentage of the NiO

powder while the crystal orientation constitutes the lowest percentage of the

powder. . Therefore, the line (200) has the biggest integral breadth and the line

(311) has the smallest integral breadth, because the integral breadth depends on

the number of the crystals that have the same crystal orientation and the

diffraction angel.
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3.3 Calculation of the crystallite size and the lattice strain

Three different methods including (Williamson-Hall, size-strain plot, and
Halder-Wagner) were used to determine the crystallite size and lattice strain. The
results of this method have been compared with the Scherrer and modified

Scherrer methods.
3.3.1 The Scherrer method

In this method, the equation (2.2) has been used to determine the crystallite
size for the six line (111), (200), (220), (221), (222), and (311). The integral
breadth value () must be in the radian to calculate the crystallite size. The
Gaussian function (ﬁfz =B, — Bgz) has used to correct the values of (B), where
(Br) is the correct value,(Bn) is the calculate value from the area under the curve
and () is the standard value for the silicon sample . Table (3.8) shows the values

of B for all the profile lines.

Table (3-8): The values of B for the profile lines (111), (200), (220), (221),
(222), and (311)

hkl Bn By B> /392 ,sz By Br*m\180
111 38.63284 11.11800 1492.49633 123.60992 1368.88641 36.99846 0.64562
200 52.57795 11.11800 2764.44083 123.60992 2640.83091 51.38902 0.89674
220 26.10608 11.11800 681.52741 123.60992 557.91749 23.62028 0.41217
221 42.14881 11.11800 1776.52218 123.60992 1652.91226 40.65602 0.70945
222 49.34937 11.11800 2435.36032 123.60992 2311.7504 48.08067 0.83901
311 17.23269 11.11800 296.96560 123.60992 173.35568 13.16646 0.22975

Now, by the equation (2.2) we can calculate the (D) values for all the line

profiles, when (k = 0.89) and (A=0.15406 nm).

D111

0.89%0.15406

_ 0.13711

0.64562+0.94835

0.61227

=0.22394 nm
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DZOO

D220
D221
D222

D311

0.89%0.15406

_ 013711

0.89674+%0.92958
0.89%0.15406

0.83359
0.13711

0.41217%0.92415
0.89%0.15406

0.38091
0.13711

0.70945%0.85318
0.89%0.15406

0.60529
0.13711

0.83901%0.79147
0.89%0.15406

0.66405
0.13711

0.22975%0.84139

0.19331

Results And Discussions

=0.16448 nm
=0.35995 nm
=0.22652 nm
=0.20648 nm

=0.70928 nm

The line (311) has the biggest value of the crystallite size while the line (200)

has the smallest value of the crystallite size.

The lattice strain was determined from equation (2.3), then the results of

crystallite size and lattice strain are listed in table (3.9).

€111~

€200~

€220~

€221~

€222

= 2082 = 0.48250
1.33808
S0 = 0.56537
1.58612
2 2024926
1.65360
T8 =0.29010
2.44551
SO =0.27162
3.08895
T =0.08942
2.56921

€311~

Table (3.9): The values of crystallite size and lattice strain determined by the
Scherrer method

hkl D nm €

111 0.22394 0.48250
200 0.16448 0.56537
220 0.35995 0.24926
221 0.22652 0.29010
222 0.20648 0.27162
311 0.70928 0.08942
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The line (311) showed the lowest lattice strain while the line (200) has the
highest lattice strain, that because lattice strain is reversely proportional with the
crystalline size.

3.3.2 The modified Scherrer method
In this method, equation (2.4) was used to determine the crystallite size .Table
(3.10) presents the values of [nf;,; and lnﬁ for all the profile line. These

values were used to draw a straight line. The Y-axis intercept and the slope of the
straight line were extract from the equation (2.4). The figure (3.25) was used to
calculate the slope and the intercept of the plot, while the crystallite size extracted

from equation (2.4).

Table (3.10): The values of (nf;,; and lnﬁ for all the profile line

hkl cos6 1/cos6 In(1/cosB) Inp
111 0.948346 1.054467 0.053035 -0.4373506
200 0.929585 1.075749 0.073017 -0.108802
220 0.9241455 1.08208 0.078885 -0.88612
221 0.853181 1.172084 0.158783 -0.34308
222 0.791473 1.263467 0.2338595 -0.1753467
311 0.84139 1.188509 0.1726996 -1.4705546
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Figure (3.25): Plot of modified Scherrer method

From figure (3.25) the value of crystallite size was 0.1350 nm, this value nearly

from that was calculated by the Scherrer method.

3.3.3 The Williamson- Hall method

In this method, equation (2.5) was used to determine the crystallite size and the

lattice strain. f cosO and 4sin6 are calculated and listed in the table (3.11) to used
in drawing the figure (3.26).

Table (3-11): The values of the Bcos8 and 4sin6 for all profile lines

hkl Bcos6O sinf 4sin6

111 0.612389688 0.31723944 1.26895776
200 0.833752223 0.3686081 1.4744324
220 0.380980831 0.38204061 1.52816244
221 0.605401027 0.52161537 2.08646148
222 0.664177232 0.61120412 2.44481648
311 0.193349739 0.54042801 2.16171204
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Figure (3.26): Plot of Williamson-Hall method

Figure (3.26) was used to calculate the slope and the intercept of the plot, while
the crystallite size extracted from the y-intercept by equation (2.5).

D =0.3087 nm

and the lattice strain extracted from the slope by equation (2.5).

e =0.1441

3.3.4 The size-strain plot method
In this method, equation (2.6) was used to determine the crystallite size, and

the lattice strain. (dyx;>Bricos0) and (dp Bricos0)? are calculated for all the

lines profile as shown in table (3.12). The results used to plot the relation between

(dnyr” Brricos8) and (dpyiBrricos®)? then calculated the crystallite size and
lattice strain.
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Table (3.12): The results of (dj;>Briicosd) and (dpy Briicosd)? for all the

profile lines

hkl d = 1/2sind

d2

dfcos6

d?Bcoso

(dBcosB)?

111
200
220
221
222
311

2.42813395
2.08975388
2.01627838
1.47675826
1.26029934
1.42535176

5.895834479
4367071279
4.065378506
2.180814958
1.588354426

1.567955358
1.874316973
0.831214795
1.047879603
1.057600356

2.03162764 0.327542984

3.610548236
3.641055388
1.54883128

1.320267616
1.054948846
0.392814674

2.458484003
3.513064115
0.690918035
1.098051662
1.118518513
0.107284406

Figure (3.27) was used to calculate the slope and the intercept of the plot, while

the crystallite size extracted from the slope and the lattice strain extracted from

y-intercept by equation (2.6)

] }' intercept=0.410789

slope=

1.03178

T T
.0 1

.5

1
2.0
d? Bcose

2.5

Figure (3.27): Plot of Size-Strain plot method

From figure (3.27) the crystallite size is (0.8626 nm) and the lattice strain is

(0.8216).
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3.3.5 The Halder -Wagner method

Results And Discussions

In this method, equation (3.7) was used to determine the crystallite size, and

the lattice strain.Calculated (B */d =)? and (B =/d*?) for all the profile lines is
shown in table (3.13). Then, from the plot between (8 */d *)? and (B */d*?) we

find the crystallite size and lattice strain.

Table (3.13): The results of (B */d x)? and (B =/d*?) for all profile lines.

hkl B = Bcos/A d*= 2sinf/A d*? B */d * (B */d #)? B */d*?
111 3.97501 4.11839 16.96112 0.96519 0.93158 0.23436
200 5.41187 4.78525 22.89865 1.13095 1.27904 0.23634
220 2.47294 4.95963 2459797 0.49861 0.24861 0.10053
221 3.92964 6.77159 45.85439 0.58031 0.33676 0.08570
222 4.31116 7.93462 62.95826 0.54334 0.29521 0.06848
311 1.25503 7.01581 49.22162 0.17889 0.03200 0.02550

Figure (3.28) used to calculate the slope and the intercept of the plot, while the

crystallite size extracted from the slope and the lattice strain extracted from y-

intercept by equation (3.7).

} intercept= 006778

slope=4.4878

0.00

T
0.05

B=\d**

Figure (3.28): Plot of Halder-Wagner method
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From figure (3.28) the crystallite size is (0.2228 nm) and the lattice strain is
(0.5207). All the values of the crystallite size and lattice strain that was obtained
from Scherrer, Williamson-Hall, Size-Strain Plot and Halder-Wagner methods
are listed in table (3.3).

Table (3.14): The values of crystallite size and lattice strain for all applied

methods.
Scherrer method Williamson-Hall Size-Strain plot method Halder-Wagner method
method
D nm E D nm € D nm € D nm €
0.31511 0.32471 0.3087 0.1441 0.8626 0.8216 0.2228 0.5207

The highest value of the crystallite size obtained by Halder-Wagner method,
while the smallest value obtained by Scherrer method. This is because Halder-

Wagner uses approximate average values of the crystallite size.
3.4 Determination of the lattice parameters

3.4.1 Specific Surface Area (SSA)

The SSA was calculated using equation (2.8) by considering the crystallite size

values from Halder-Wagner method, where, p =6.67 g/cm3and D = 3.60880 nm.

_ 6 * 103
~(0.2228 % 1079 * 6.67)

s = 4.03748 » 10°m?/g

3.4.2 Dislocation Density

The dislocation density (8) was calculated using equation (2.9) by considering the

crystallite size values from Halder-Wagner method.

8=1/0.4720* 10718 = 2,1186 * 1018
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3.4.3 Morphology Index (MI)

Results And Discussions

M1 is calculated from FWHM for all the profile lines of NiO. Equation (2.10) was
used to obtained MI. The results of MI for the lines (111), (200), (220), (221),

(222), and (311), are listed in table (3.15).

Table (3.15): The results of Ml for all profile lines.

hkl FWHM FWHM, — FWHM,, M.1

111 0.3948922 0.9154937 1.431343438
200 0.3659251 0.9444608 1.387443396
220 0.8131441 0.4972418 2.63530922
221 0.387378 0.9230079 1.419690882
222 0.3059024 1.0044835 1.304537008
311 1.3103859 0

The (220) reflection exhibits the highest (MI),while (222) reflection exhibits the
lowest value of (MI).This is because (MI) depends on the difference between the
highest value of the FWHM for the standard (311) reflection and other values of
FWHM for other reflection.

3.4.4 Texture Coefficient

Texture coefficient was calculated using equation (2.11) for all the profile

lines in the x-ray diffraction pattern of NiO powder. The results of Texture

Coefficient for all the profile lines is listed in table (3.16).
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Table (3.16): The results of (T,) for (111), (200), (220), (221), (222), and (311)

Results And Discussions

profile lines.

hkl I(hkl) [(hkl)/I-(hkl) T,

111 681.017525 0.773928003 1.802634619

200 879.949456 1 2.329201957

220 77.708509 0.088310196 0.205692282

221 389.497332 0.442636028 1.030988703

222 153.4512781 0.174386469 0.406181304

311 85.11654 0.096728897 0.225301135
Total 2.575989592 0.429331599

3.5 Modified Halder-Wagner method

The strain was calculated from equation (2.12):

where, Y =7%10?!

6 = 36449*10°N/m?

The energy density (u) was calculated from equation (2.14):

ON/mZ

u = 9489 x 10° N/m?

and &= 0.5207

Also, equation (2.15) was used to calculate the energy density (u):

2

(' - Q) () +5
d* hkt D) \d*p” 2y

From equation (2.15) (u) was extracted using the y- intercept value for Halder -

Wagner plot :

u=2x7%101%0.06778

u = 9489 % 10° N/m?
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3.6 The crystallite size at different calcination temperatures

Figure (2.4) was used to determine the crystallite size from the integral breadth
at different calcination temperatures (200, 300, and 400) °C. Similarly, the
integral breadth was calculated from figure (2.1).The analysis steps to the profile
lines (111), and (200) lines are seen in figures ( (3.29) - (3.34) ).

30 T T 1 De‘éﬁ) fund X 30 T T T T T T T
25 - E 25
20 b 20
2 2
& 15 g 15
IS =
10 10
5 54
o T T T T T T T 0
366 36.8 37.0 37.2 374 376 378 38.0

T T T T T T T
366 36.8 37.0 372 374 378 378 38.0

a 20 b 2

25

20

intensity
intensity
@

0 T T T T T T T
36.6 36.8 37.0 372 374 378 37.8 38.0

C. 2 d. #

Figure (3.29): Analysis steps of (111) line at (200°C)
a. (111) profile line with the fitted curve. b. fitted curve for (111) line
c. fitted profile steps of (111)line with the 10 steps on the right and 10 steps on the left.

d. Determined (FWHM) for the line (111)
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Figure (3.30): Analysis steps of (200) line at (200°C)
a. (200) profile line with the fitted curve. b. fitted curve for (200) line

c. fitted profile steps of (200)line with the 10 steps on the right and 10 steps on the left.

d. Determined (FWHM) for the line (200)




Chapter Three Results And Discussions

. ; 1 peak(s founld

T ° = — 77T T T
140 4 b
1204
120
100 4
100
% 80 - 2
@
§ % 80
£ 604 =
60 4
404
404
204 204
¥
0 T T T T T T T T T T T T T 0 T T T T T T T T
3.0 365 37.0 375 38.0 38.5 39.0 395 36 368 370 372 374 376 378 380 382
a 20 b 26
T T T T T T T T 140 T T T T T
140
120 A
120
100
100
2 2 w
2 80 p
2 2
= [
604 60
40 40 A
201 201
0 L B e o L B s e LA 0 T T T T T T T T T
366 368 370 372 374 376 378 380 382 37.0 37.2 374 376 37.8
C 26 d 26

Figure (3.31): Analysis steps of (111) line at (300°C)
a. (111) profile line with the fitted curve. b. fitted curve for (111) line
c. fitted profile steps of (111)line with the 10 steps on the right and 10 steps on the left.

d. Determined (FWHM) for the line (111)
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Figure (3.32): Analysis steps of (200) line at (300°C)

a. (200) profile line with the fitted curve. b. fitted curve for (200) line

c. fitted profile steps of (200)line with the 10 steps on the right and 10 steps on the left.

d. Determined (FWHM) for the line (200)




Chapter Three Results And Discussions

T T T T T T T T T
50 50 4
50 -
401
2 > 40
T a4 G
I3 §
£ E 30
20
20 4
10 "
\_;
: :
0 T T T T T T T T T T T O T T T T T T T T
360 3.5 310 35 38.0 385 39.0 366 368 370 372 374 376 378 380 382
a 20 b 26
T T T T T T T T T T T T T T T T
60 50
1
it
50 78 04
z 404 : j{ 1 P
g L - é 30+
£ 304 " g S
5 20 -
20 Y B
A
: : 10
10 J . -
o T T T T T T T T O T T T T T T T T
366 368 370 372 374 376 378 380 382 370 371 372 373 374 375 376 377 378
C 2 d 20

Figure (3.33): Analysis steps of (111) line at (400°C)
a. (111) profile line with the fitted curve. b. fitted curve for (111) line
c. fitted profile steps of (111)line with the 10 steps on the right and 10 steps on the left.

d. Determined (FWHM) for the line (111)




Chapter Three

intensity

inten sity

1 peak(s) found
—1peak(s)found

43,4071

I'EHE]I'I

t ¥

426

—T T T T 1 T T T T 1
428 430 432 434 436 438 440 442 444

T T T
428 430 432 434 438 438 440
26

intensity

intensity

Results And Discussions

0

AN L L R R R R B
426 428 430 432 434 43.6 438 440
20

T T T
442 444

8 FWHM

T T T T T T T
428 43.0 432 434 436
20

Figure (3.34): Analysis steps of (200) line at (400°C)

a. (200) profile line with the fitted curve. b. fitted curve for (200) line

c. fitted profile steps of (200)line with the 10 steps on the right and 10 steps on the left.

d. Determined (FWHM) for the line (200)
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The results of the area under the curve of the profile lines (111), and (200) at the
(200, 300, and 400) °C listed in table (3.17), (318), (3.19), (3.20), (3.21), and
(3.22) respectively.

Table (3.17): The area under the curve for the line (111) at 200°C

X1

Y1

X2

Y2

Area=(yl+y2)/2*(x2-x1)

36.8135074 0 37.7594779 0 0
36.937798 0.42134832 37.6212259  0.6994382 0.819974221
37.0338252 2.86516854 37.5337117 3.49719101 6.363804134
37.084563 6.08426971 37.4856981 6.98595501 16.29154956
37.1101022 8.46067411 37.4516459 10.27247191 27.42423008
37.1383655 11.32584271 37.4261067 13.00280901 42.27523156
37.1581158 13.70224721 37.4063564 15.72471911 59.27105864
37.1833144 16.42415731 37.3780931 18.45505621 89.53549213
37.2115778 19.43258431 37.3583428 20.75561801 136.9134409
37.24563 22.29775281 37.3331442 22.43258431 255.5604526
Table (3.18): The area under the curve for the line (200) at 200°C
X1 Y1 X2 Y2 Area=(y1+y2)/2*(x2-x1)

42.7457889 0 43.7246992 0 0
42.8706243 0.24438203 43.5998638 0.24438203 0.335119025
42.9612259 1.39887641 43.5119183 1.39887641 2.540213756
43.0149376 3.04213484 43.4605675 2.97050562 6.746226476
43.0468104 4.50842697 43.4236776 4.58005618 12.05793865
43.0786833 6.22331461 43.3920999 6.32443821 20.01769022
43.1031782 7.68960675 43.367605 7.75702248 29.20776039
43.1253121 8.91151689 43.347832 8.91151689 40.04817947
43.147151 10.17134829 43.3233371 10.23876409 57.92202784
43.1740068 11.42696629 43.2964813 11.49859549 93.59320422
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Table (3.19): The area under the curve for the line (111) at 300°

X1

Y1

X2

Y2

Area=(yl+y2)/2*(x2-x1)

36.9797503 0 37.7635641  0.3370787 0.215024729
37.1171396 2.7808989 37.6196141  3.1179776 5.869826728
37.1812032 14.6629214 37.5586379 15 39.29543495
37.213235 28.9887641 37.5235187 29.7050562 94.58089532
37.238706 42.9775281 37.5011351 43.6516854 165.0526056
37.2549149 55.1966293 37.4853121 55.9129214 241.1260873
37.2707378 68.4691012 37.4660159 69.1853933 352.4575836
37.2900341 82.1207866 37.4532804 81.7415731 501.8869025
37.305857 95.3932582 37.4339841 96.0674162 747.1513614
37.3251532 107.6123592 37.4146879 108.3286522 1205.906824
Table (3.20): The area under the curve for the line (200) at 300°C
X1 Y1 X2 Y2 Area=(y1+y2)/2*(x2-x1)

42.7364813 0.0525281 43.4058116 0 0.039239296
427552781 0.7693821 43.3888536 0.716854 1.172895811
42.7789784 1.6129214 43.3651532  1.5882023 2.730519719
42.8043133 2.4842697 43.3414529  2.3823034 4.530082217
42.8296481 3.3061798 43.3177526  3.1764045 6.640570103
42.8602951 4.1775281 43.2889444 3.9735955 9.507916612
42.8923723 49191012 43.2585017  4.7398877 13.19067644
42.9297616 5.6637641 43.2227469 5.5092697 19.06756721
42.9720545 6.3033708 43.180454 6.1766854 29.9426251

43.0229285 6.7915731  43.12958 6.7143259 63.31790458
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Table (3.21): The area under the curve for the line (111) at 400°C

X1

Y1

X2

Y2

Area=(y1l+y2)/2*(x2-x1)

37.0800227 0 37.777412 0 0
37.184563 1.97191011 37.6817253 2.11797753 4.113231876
37.2410897 7.12078653 37.630647  7.12078653 18.27917621
37.2720772 12.72612363 37.5969353 13.01825843 39.6240421
37.3003405 19.84691013 37.5713961 19.84691013 73.22080831
37.3200908 25.74438203 37.5516459 25.59831463 110.8649662
37.3371169 30.43679773 37.5346198 30.58286513 154.4778909
37.3510783 35.43960673 37.5206583 35.29353933 208.5539157
37.3708286 40.88061793 37.5009081 41.04494383 314.9057375
37.3905789 45.73735953 37.4811578 45.88342693 505.7512647
Table (3.22): The area under the curve for the line (200) at 400°C

X1 Y1 X2 Y2 Area=(y1+y2)/2*(x2-x1)
42.8992736 0 43.9007264 0 0
42.988899 0.41966292 43.7875823 0.46011236 0.550766042
43.0651759 1.55224719 43.7163905 1.55224719 2.383618534
43.1207946 3.14494382 43.6636322 3.05898877 5.714354155
43.1627469 4.86404495 43.6188195 4.95 10.75930121
43.1916686 6.33033708 43.5924404  6.3758427 15.85213802
43.2155051 7.71573031 43.5635187 7.92808991 22.47587482
43.2444268 9.35393261 43.5317367 9.72808991 33.20808388
43.2733485 11.07303371 43.5053575 11.28033711 48.17349935
43.313076 13.08539331 43.4684904 13.04494381 84.0666538

Calculated FWHM and integral breadth values for all lines at three different

temperatures are listed in table (3.23).
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Table (3.23): The FWHM and integral breadth (B) of the lines (111), and (200)

at three different temperatures

temper | hkl 201 202 20/2 lo FWHM Area B=Area/lo
ature

200 111 | 37.14186 37.43771 18.64489 23.76404  0.29585 634.45523  26.69812
200 | 43.08104 43.39033 21.61784 12.82584  0.30928 262.46836  20.46403
300 111 | 37.26254 37.47730 18.68496  121.93820 0.21476  3353.54255  27.50198
200 | 42.83505 43.30704 21.53552 6.91826 0.47199 150.14000  21.70199
400 111 | 37.31935 37.55149 18.71771 50.88624  0.23213  1429.79103  28.09780
200 | 43.21026 43.57176  21.69551 14.84494  0.36150 223.18429  15.03436

Calculate integral breadth in radian after used Gaussian function to correct the

values of (B) are seen in table (3.24).

Table (3-24): The values of B for profile lines (111), and (200) at three different

temperatures

T | hkl Bn By Bi” B, Bs? Br Bs*m/180

200 | 111 | 26.69812 11.11800 712.78961 123.60992  589.17969  24.27302  0.42343
200 | 20.46403  11.11800 418.77652 123.60992  295.1666 17.18041  0.29970

300 | 111 | 27.50198 11.11800  756.35890 123.60992  632.74898  25.15450  0.43881
200 | 21.70199 11.11800 470.97637 123.60992  347.36645  18.63777  0.32513

400 | 111 | 28.09780 11.11800  789.48636 123.60992  665.87644  25.80458  0.45015
200 | 15.03436  11.11800 226.03198 123.60992  102.42206  10.12038  0.17654

Equation (2.2) was used to determine the crystallite size for all profile line at

three different temperatures using the integral breadth values in table (3.24).

At 200 °C
0.89%0.15406 0.89+0.15406 0.13711
Dijw=—""7"7+-— = = =0.34174 nm
B111%C0OSO 0.42343+0.94752  0.40121
0.89+0.15406 0.89+0.15406 0.13711
Dyyo =—""— = = =0.49210 nm
B200*c0SO 0.29970+0.92966  0.27862
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At 300 °C
D... — 0:89:015406
111 — Blll*COSG
D, 089+015406
200 — Bzoo*COSG
At 400 °C
D... — 0:89:015406
111 — Blll*COSG
0.89%0.15406
Dyoo =—F——

0.89%0.15406

0.13711

0.43881+0.94729
0.89%0.15406

0.41568
0.13711

0.32513%0.93019

0.89%0.15406

0.30243

0.13711

0.45015+%0.94711
0.89%0.15406

0.42634

_ 013711

0.17654%0.92916

0.16403

Results And Discussions

=0.32985 nm

= 0.45336 nm

=0.32160 nm

=0.83588 nm

Bzoo*cose

The results of the crystallite size at three different temperature are listed in table
(3.25), and figure (3.35) shows the relation between the crystallite size and the
temperatures.

Table (3.25): The results of crystallite size for two lines profile of the NiO at

three different temperatures

hkl D at 200 °C D at 300 °C D at 400 °C
111 0.34174 nm 0.32985 nm 0.32160 nm
200 0.49210 nm 0.45336 nm 0.83588 nm

From the results in the table (3.25), the crystallite size was decreased along with
increasing the calcination temperatures at diffraction line (111),that is mean the
relation is inversely between the crystallite size with the calcination temperatures.
At the diffraction line (200), the crystallite size was decreased at (200-300)° C
then increased at (400)° C, with compare the two line , the line (200) have a
different behavior due the line (111), this different behavior by the interference
of two intensity in the line (one for the line (200) and other is noise). The figure
(3.35) show the relation between the crystallite size with the calcination

temperatures.
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4.1 Conclusions

From the results that have been obtained through this study, we conclude:

1- The Debye - Scherrer method is a simple way to calculate the crystallite size
and the strain and it is not expected to be valid for very small crystallite sizes
(<10 nm) however, it is used in this study to compare its results with other
methods.

2-The result of the modified Scherrer method was nearly from that was
calculated by the Scherrer method.

3- In Williamson-Hall approach, the larger the slope the larger the lattice strain
will be, while the larger the intercept the smaller the crystallite size will be.
Intercept with origin D is infinity or broadening only due to lattice strain
broadening, while zero slope means horizontal line free of lattice strain or
broadening is related to crystallite size broadening.

4- The size-strain plot method (SSP ) gives information about the lattice strain
(¢) and the crystallite size (D) of NiO that obtained from P nq and planar spacing
d na . The SSP method is more precise, particularly at high diffraction angles.

5- The Halder-Wagner method is more accurate, with most of data points
touching the fitting line compared with other methods. Therefore, one method is
more accurate data points of (x,y) are more touching the fitting line.

6-The Specific Surface Area (SSA) was calculated by using the crystallite size
of the Halder ~Wagner method (s = 4.03748 * 10°m? /g), this value mean these
crystal of NiO powder have a small crystallite size with large surface.

7- The dislocation density (8) depends on the crystallite size of Halder-Wagner
(6 = 2.1186 = 108), this value show that is the powder have big number of

dislocation.

8- Morphology Index (MI) is calculated from FWHM and the highest value
was (2.63530922) for the line (220) and the lowest value was (1.304537008) for
the line (222), therefore the beast angle diffraction at the line (220).
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9- Texture coefficient calculated for all line profiles was (0.429331599).

10- By Modifing Halder-Wagner method the strain and the energy density (u)
were, (6 = 36449*10°N/m?), (u = 9489 * 10° N/m?). Also, the y- intercept

was used to calculate the energy density (u) which gives the same value.

11- The relation between the crystallite size with the calcination temperatures
was inversely, as shown at the line (111) and (200) in the different calcination
temperatures .While, the line (200) has a different behavior compare to (111) at
(400)° C, this is due to interference of the two intensity in the line (200) (one for

line (200) and other is noise).

4.2 Future works

At the end of this study, these are some suggestions as a future work :-

1 - A comparative study between Halder-Wagner method and other methods with
the same order of accuracy in calculating the crystallite size and lattice strain.

2 - Calculating the mechanical properties of NiO by using a suitable technique .
3- Calculating new lattice parameters such as Burgers vector and determine some
types of defects that may exist in the lattice.

4 - Calculating the crystallite size and lattice strain of NiO using of Halder-

Wagner method by separating variables without using the diagram.
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