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ABSTRACT. At various calcination temperatures 450, 550 and 650 °C, zinc oxide nanoparticles were produced. 
Calcinated ZnO has high surface area as the BET was 119.12 m2g–1 and the average particle radius was calculated 
to be 1.16 nm. The dimension of crystallites and straining in ZnO nanoparticles' diffraction peaks remained 
measured. The Williamson–Hall (W–H) technique besides the size–strain approach stayed used. For each of XRD 
reflection peaks, physical characteristics like strain and stress were computed. Towards regulate the magnitude of 
crystallites, the Williamson–Hall (W–H) approach besides the size–strain technique are used that is good agreement 
with the size that determine from SEM as it was 22.6, 26.6 and 32.6 nm for ZnO calcinated at 450, 550 and 650 oC, 
individually. Using the W–H plot to modify the subversion shape, assuming an unvarying distortion model (UDM), 
unvarying stress deformation model (USDM), unvarying deformation energy density model (UDEDM), and The 
size–strain plan (SSP) approach was used to determine this. The SEM and Scherrer methods match well with the 
crystal size of ZnO NPs determined using W–H plots and the SSP technique.   
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INTRODUCTION 
 
The coloring industry is a large-scale and one of the most important industries across the world. 
However, due to the range of colours found in its effluent, it is considered a severe source of 
pollution for species in the environment. Some colours have been proven to be genotoxic [1]. 
Dysfunction of the kidneys, liver, brain, reproductive functions, and central nervous system are 
only a few of the human impacts of dyes [2]. As a result, extraction efficiency from the 
surroundings is a critical factor. Scientists are developing for low-cost solutions to get these dyes 
out of the water. Textile businesses are thought to emit about 100 tonnes of dyes and pigments 
into waterways each year [3]. Contaminants can be removed from environmental waterways or 
sewage using a range of techniques. The majority of them are biological, chemical, or physical 
purifying methods [4]. Adsorption behavior is the collection of adsorbates by the side of the gas-
solid or liquid-solid interface [5, 6]. Van der waal bonds in between adsorbent and the adsorbate 
make adsorption potentially reversible [7]. Isotherm models are basic principles in the field of 
adsorption research. They describe how adsorbate and adsorbent react with one another, and they 
can also be used to compute absorption [7, 8]. Although treatment processes produce unpleasant 
odours and residues and are costly, adsorption phenomena is appealing for decolorization due to 
its low cost and flexibility in design, as well as the fact that it does not release any toxic substances 
after the targeted components have been removed. The main downside of biological therapy 
approaches is that so many of them take a long time to complete. Most colours, on the other hand, 
are resistant to physical processes like ion exchange, and electrokinetic coagulation produces a 
large sludge. Adsorption, on the other hand, is cost-effective, simple to use, and capable of 
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removing nearly all types of impurities. As a result, this method is frequently used to remove not 
only colours and pigments from waste water and sewage, but also other pollutants such as heavy 
metal pollutants. 

Rivers are by far the most important aspects of the earth's ecology [9]. They transport surface 
water and nutrients to the oceans through sediment regions. Rivers supply water supply and also 
aquatic life, that supplies food for both animals and humans. Because of their importance in 
tourism, hydroelectricity generation, and other industries, rivers are also a valuable resource in 
modern human society. Regrettably, irresponsible individuals and businesses also exploit 
waterways as dumping grounds for unwanted goods and chemicals [10]. The primary threat to 
water security is believed to be direct dumping of pollutants into water bodies from numerous 
sources without proper treatment. The textile dyeing and processing sector, for example, is ranked 
as the tenth most industrial pollutants to rivers, contributing 17–20 percent of all industrial water 
pollution. About 5,000–10,000 tonnes of dyes are discharged into the waterways each year as a 
result of their widespread use. Congo red (CR) has been one of the most widely used dyes since 
its beginnings [11]. Once dissolved in water, the molecules of this dye have negative charges, 
making them anionic dyes. This dye, when released directly into surface waterways, prevents 
sunlight from penetrating the water (which really is necessary for aquatic plant photosynthesis). 
It endangers the river environment as well as the local population. As a result, appropriate textile 
wastewater treatment is essential for ecosystems preservation [12, 13]. 

Due to its finite size, no crystal is flawless because it would expand in all directions to infinity. 
The diffraction peaks broaden as a result of the divergence from perfect crystallinity [14]. The 
two most important properties peak width measurement yields the following results: lattice strain 
and crystallite size [15]. The dimension of a constructively diffracting domain is measured by 
crystallite dimensions. The particle size and the particulate crystallite size may not be the same. 
The percentage of lattice coefficients produced by crystal limitations such as lattice displacements 
is referred to as lattice strain [15]. Other strain sources have included the triple junction at the 
grain boundary, contacting or stacking burdens, sinter strains, coherency strains, and other strain 
causes [16]. Lattice strain and crystallite size could be assessed by means of X-ray profile 
evaluation, which is a simple yet effective procedure [17]. The pseudo Voigt functionality, 
rietveld modification, and Warren-Averbach evaluation are three well-known methods for 
measuring crystallite size and lattice strain [18]. 

As a result, the W-H technique remains used to evaluate lattice strain and crystallite size in 
this study. Regardless of the fact that X-ray profile analysis is a standard procedure, it is effective. 
Apart from SEM micrographs, it remains an unavoidable method of assessing grain size. The 
average particle size of ZnO nanoparticles as evaluated by direct SEM observations is compared 
to peak widening (XRD) in this study [19]. A modified variation of W-H was used to calculate 
the related strain with as-prepared and strengthened ZnO samples at 450 °C due to lattice 
distortion. The strain caused by the hexagonal crystal's anisotropy is contrasted and displayed 
against the strain caused by the interplanar gap. In this research, we present quantitatively and 
qualitatively such observations on ZnO nanoparticles generated by calcination technique. 
 

EXPERIMINTAL 
 
Supplies  
 
All the used substances are established previously [20]. 
 
Preparation of the ZnO nanoparticles 
 
The ZnO was obtained by calcination of [ZnLCl(OH2)]H2O chelate at temperatures of 450, 550, 
and 650 oC for 4 hours. In addition, the dried ZnO sample was sieved with a 200 µm mesh to 
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obtain small uniform particles. This method produces ZnO nanoparticles quickly and easily, 
without the use of expensive and harmful solvents or complicated equipment [21]. 
 

RESULTS AND DISSCUSION 
 
X-Ray diffraction patterns (XRD) 
 
Figure 1 demonstrates the XRD pattern of ZnO powder [22, 23]. Not any diffraction peaks related 
to Zn, Zn(OH)2 or additional ZnO stages have been found, ZnO nanoparticles are naturally 
crystalline, according to the findings. The peaks are sharp and thin, suggesting that the taster is of 
excellent excellence, with respectable crystallinity and small particle magnitude 17.64, 29.32 and 
33.53 nm for calcinated ZnO at 450, 550 and 650 oC, respectively. The properties of the lattice 
were computed using XRD data (a = 3.2491 Å and c = 5.2063 Å) [24]. 
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Figure 1. XRD of ZnO at 450, 550, and 650 oC calcination temperatures. 
 
Determining the size and strain of crystallites 
 
Scherrer method 
 
Spreading of peaks demonstrates grain structure as well as the considerable worded with the 
powder. The (βhkl) (instrumental broadening) was fixed, Using the connection to associate every 
ZnO diffraction peak [23, 25]: 

βhkl  = [ (βhkl)2
measured – β2

instrumental]1/2                                                                       (1) 

Debye-formula Scherrer's was used to determine the average nanocrystalline size: 

D = 
��

� ����
                                                   (2) 

ZnO crystallite size was estimated to be around 17 nm at in height strength peak height at high 
intensity peak (Table 1). 
 
Williamson–Hall method 
 
Uniform distortion model (UDM). XRD peaks are controlled by a variety of factors, including 
crystallite size, lattice strain, and structural imperfections in numerous situations. A modified 
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integral breathing method was used in the Williamson–Hall (W–H) research, whenever the peak 
breadth is widened as a meaning of 2 theta, it obviously distinguishes the framework size- besides 
strain-induced distortion highest. The following are distinct contributing to the peak expansion of 
a Bragg reflection streak: 

βhkl  = βS + βD                                                                                                                                                             (3) 

wherever βhkl shows the radiant peak's filled width at half maximum (FWHM), and βs βD are the 
thickness due to the size–strain, correspondingly (Table 1) [15]. Strain is considered constant 
throughout the crystallographic direction in the W–H equation that is defined by βhkl: 

βhkl  = 
��

�����
 + 4ε tan θ                                                                                           (4) 

Reorganizing Eq. (4) provides: 

βhkl cosθ  = 
��

�
 + 4ε tan θ                                                                                       (5) 

Here, D and ε resemble to the crystallite size and microstrain values, 
respectively. By calculating 4 sin theta, the normal size of the crystallites besides the strain may 
be determined using the Y-intercept extrapolation besides the line's slope understand Figures 1 
and 2. 

D = 
��

� ���������
                                                                                                         (6) 

ε = Slope                                                                                                                (7) 
 
Unvarying stress deformation model (USDM). Within the elastic limit, a linear proportionality 
relation exists, as per Hooke's law strain (ε) and the stress (σ): 

σ = E ε                                                    (8) 

wherever E is the Young's modulus or elasticity modulus. The equation is a rough estimate that 
holds true aimed at modest strains. As a result, in the additional component of the calculation 
denoting UDM, The lattice displacement stress is thought to be uniform and is substituted by ε = 
(σ/E) and Eq. (5) is adjusted as follows: 

βhkl cosθ  = 
��

�
 + 

������

����
                                                                                               (9) 

Ehkl is the plane vertical to the crystal lattice plane's set, Young's modulus (hkl). Using the slope 
line created between the two axes, the unvarying stress can be designed 4σsinθ/Ehkl and βhkl cosθ, 
and D is the crystallite size, as illustrated in Figure 3 from the intercept it's possible determined. 
It is possible to determine the strain if Ehkl of hexagonal ZnO nanoparticles is identified. The 
elastic compliances of materials having a hexagonal crystal stage are related to Young's modulus 
Ehkl as Sij [15]: 

Ehkl=
[���

(����)�

�
��

��

�
�

�
]�

���(���
(����)�

�
����(�

��

�
�

�
�(��������)�(���

(����)�

�
�

��

�
�

�                  (10) 

wherever S44, S33, S13, and S11 are the elastic compliances of ZnO, and their standards are 
23.57×10–12, 6.940×10–12, 2.206×10–12 and 7.858×10–12 m2.N–1, individually. 

Eq. 10 show the UDSM. Drawing the curve between two axes βhkl cosθ and 4 sinθ/Ehkl, Table 
1 shows how to compute the uniform deformation stress using the line's slope and lattice strain. 
Figure 3 shows the USDM for annealed ZnO nanoparticles [15]. 
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Figure 2. UDM plot for ZnO calcinated at 450, 550, 650 oC. 
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Figure 3. USDM plot for ZnO calcinated at 450, 550 and 650 oC. 
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Figure 4. UDEDM plot of ZnO calicinated at 450, 550 and 650 oC. 
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Figure 5. Size-strain plot of ZnO calcinated at 450, 550 and 650 oC. 
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Unvarying deformation energy density model (UDEDM). UDEDM is a theoretical model for 
calculating a crystal's energy density. Crystals were previously thought to be isotropic and 
homogenous. In several cases, the premise of isotropy and homogeneity is not supported. 
Furthermore, while reviewing the deformation energy density, the proportion coefficients aimed 
at the strain–stress connection are not broadly distributed (u) (Figure 4). The energy density of an 
elastic structure obeying Hooke's law (unit energy) could be deduced resulting from the 
connection u = (ε2Ehkl)/2. As a result, Eq. (11) could be recast using the energy-strain relation [15]. 

βhkl cosθ  = 
��

�
 +(4 sinθ ( 

��

����
)1/2)                               (11) 

 

SSP method 
 

The broadening of the line was virtually isotropic, according to the W–H plot.This suggests that 
the diffraction fields remained naturally isotropic and that microstrain was a factor.Isotropic line 
broadening is one type of isotropy, though, a best analysis of the size–strain is possible to gain 
because high-angle reflections are given an normal "size–strain plot" (SSP), which is less likely 
to improvement weight and is therefore more accurate. A Lorentz function is thought to describe 
the "crystalline dimension" characteristic, whereas the "strain profile" is supposed to be defined 
by a Gaussian function in this technique. As a result, we now have the following (Eq. 12): 

(����βhkl cosθ)�  = 
��

��
 +(��

���βhkl cosθ)+ ( 
�

�
)                       (12) 

Identical to W–H approaches, the term (dhkl βhkl cosθ)2 is planned with deference to d2
hkl βhkl cosθ 

for all ZnO orientation peaks. The slope of the linearly formfitting data determines particle size 
in this case, and the intercepted root produces strain (Table 1). In Figure 5, the Scherrer 
formulation, W–H (UDM, USDM, and UDEDM) replicas, and SSP techniques all show that the 
size of crystallites (D) differs through the calcination temperature [26]. 
 
Morphological studies 
 
The structure of ZnO nanoparticles was studied using SEM. As can be observed in the image, the 
produced nanoparticles are obviously spherical in shape, with approximately groups included in 
the aggregate of spheres (Figures 6-8). The granulometry spans from 18.76 to 30.3 nm, as shown 
in micrographs. This agrees well with the findings of the XRD examinations. The average 
crystallite size of ZnO was measured at various calcined temperatures of [ZnLCl(OH2)]H2O, 
Because of the presence of strain in diverse shapes, the average size of crystallites varies slightly. 
As a result, the average size of crystallites varies slightly. The SSP methodology delivers more 
appropriate results than the UDM, USDM, and UDEDM approaches, as evidenced by all of the 
graphs, since the information is additional precisely described in this manner, with completely 
high-intensity locations contacting linear version [27]. W–H (UDM, USDM, and UDEDM) 
representations and SSP approaches were used to analyse ZnO nanoparticles utilising X-rays. 
They concluded that the SSP approach is superior for determining the crystallite size and strain 
of ZnO nanoparticles. As a result, it is possible to conclude in the present investigation, these 
models are more accurate. The SSP approach has been shown to be more significant in predicting 
the crystallite size and straining of ZnO nanoparticles. To determine the size of crystallites and 
the strain-induced widening caused by lattice deformation, technical parameters of ZnO 
nanoparticles are given when determining the size and strain of crystallites. The W–H assessment 
was conducted out using the UDM, UDSM, and UDEDM models, which proved to remain 
extremely valuable. W–H was formed and developed to measure the size of crystallites as well as 
to measure the diameter of crystallites in general the elongation inspired deformation caused by 
network deformation. Dimension estimate and crystallite deformation can be calculated using 
UDM-based, UDSM, U-DMS, and UDEDM analysis. The XRD powder measurements of 
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crystallite size and strain correlate well with the SEM outcomes in case of crystallite size and 
strain. The elastic possessions of the Young Sij (Ehkl) module were assessed by the standards of 
the plane of the lattice (h, k, l). These techniques outlined overhead, such as the size–strain 
approach, crystal perfection is greatly suggested for evaluating the size distribution of stress, 
deformation crystals, and energy density values (Table 1) [26]. 
 
Table 1. Geometric parameter of ZnO. 
 

Methods Parameter Calcination tempearture (oC) 
450 550 650 

Scherrer D (nm) 17.64 29.32 33.53 

W
il

li
am

so
n–

H
al

 

UDM D (nm) 17.85 24.81 31.01 
ε 0.25 0.075 0.11 

USDM D (nm) 20.22 24.81 28.84 
ε 33.43 10.14 12.91 
σ (MPa) 4245 1288 1639 

UDEDM D (nm) 20.28 27.6 31.4 
ε 36.6 12.36 14.2 
σ 4648 1570 1803 
U (kJ.m–3) 85.62 9.7 12.80 

Size–strain D (nm) 18.6 28.2 32.3 
ε 4.23 2.633 2.229 
σ (MPa) 537.2 334.4 283.1 

SEM D (nm) 22.6 26.6 32.6 
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Figure 6. The link among crystallite size (D) and calcination temperature was determined by 
means of the Scherrer technique. 

Brunauer-Emmett-Teller (BET) surface area 

The mesoporosity and microporosity lived in this material, as evidenced by the type II pore model. 
The overall pore volume was 0.362 cm3g–1 and the specific surface area (SBET) was around 
119.12 m2g–1. It showed that the porosity structure of ZnO nanoparticles is good. According with 
pore distribution, the average particle radius was calculated to be 1.16 nm. The large pore size 
distribution also enabled for excellent adsorbate molecule inter-diffusion through interconnected, 
low-resistance channels  [28]. 
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Figure 7. The variation in crystallite size (D) through calcination temperature was determined by 

means of the W–H technique. 
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Figure 8. The SSP method was used to determine the variation of crystallite size (D) with 

calcination temperature. 
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Figure 9. SEM image of ZnO at the calcination temperature of 450, 550 and 650 oC. 

 
SEM analysis 
 
SEM analysis remained used to evaluate the crystalline structure besides morphology of ZnO. 
The SEM picture of ZnO generated by calcination of ligand at 450 oC is shown in Figure 9. The 
average diameter of ZnO nanoparticles was roughly 20 nm, which was confirmed by SEM 
examination. As the calcination temperature rose, the ZnO lengthened [29, 30]. 
 

CONCLUSION 
 
The peak line was investigated using the Scherrer formula, the W–H methodology constructed on 
the UDSM, UDM, and UDEDM replicas, and the SSP technique. The XRD findings of ZnO 
nanoparticles broaden owing to finite strain and crystallite size. The W–H plot was conceived and 
designed to measure crystalline nature and strain-induced lengthening owing to lattice distortion. 
The W–H approach that relies on the UDSM, UDM, and UDEDM models is actual effective in 
evaluating strain and crystallite size. The W–H was created and established to detect crystallite 
size and elongation generated distortion due by network distortion. The XRD powder 
measurements of strain and crystallite size correlate well with the SEM results in terms of 
crystallite size and strain. The elastic possessions of the Young remained assessed using the 
parameters of the smooth of the lattice Sij (Ehkl) module (h, k, l). The approaches outlined above, 
such as the size–strain technique, Crystal perfection is strongly desirable for calculating the 
regular size of distortion crystals, stress, and energy density value. 
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