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 

Abstract— In this study, we report the qualitative phase 

analysis performed by Rietveld X-ray diffraction using 

“Fullprof” program for two different samples of ZnO before 

and after heat treatment at (1200 °C). Two samples under study, 

first is a nanopowder, second is a micropowder. Rietveld 

refinement on X-ray data for the samples is performed. The 

obtained results have a good optimization between the observed 

X-ray diffraction patterns and that calculated by Rietveld 

analysis. This optimization is determined according to Rp, Rwp 

and GOF. The lattice parameters, space group and other 

structural factors were calculated. The particle morphology of 

the powder before and after heat treatment were identified 

using SEM. The final result shows that Rietveld refinement give 

exact results compared to other known methods for the study of 

the structural properties. 

 

 
Index Terms— Rietveld method, Qualitative analysis, 

Fullprof, XRD, ZnO powder.  

 

I. INTRODUCTION 

  Zinc oxide is an inorganic compound with the formula 

ZnO. It usually appears as a white powder, nearly insoluble in 

water. The powder is widely used as an additive into 

numerous materials and products including plastics, ceramics, 

glass, cement, rubber and lubricants [1]. Zinc oxide 

crystallizes in three forms [2]: hexagonal wurtzite, cubic zinc 

blende and cubic rock salt. At ambient pressure and 

temperature, ZnO crystallizes in the wurtzite structure. It has a 

hexagonal lattice, characterized by two interpenetrating 

hexagonal close packed (hcp) sublattices of Zn
+2

 and O
-2

, with 

lattice spacing a = 0.325 nm and c = 0.521 nm and space 

group P63mc. The lattice parameters of the unit cell have a c/a 

ratio of (1.602) which is 1.8 % off of the ideal 

hexagonal-close-packed structure of (1.633)[ 3-7]. 

 

II. EXPERIMENTAL WORK 

A. Materials 

The structure investigations were performed on two 

commercial zinc oxide materials: 

Commercial nanopowder (Hongwu Nanometer Co. Ltd., 

Reagent Grade, 40-50 nm, 99.9% purity). 

Commercial micropowder (Hongwu Nanometer Co. Ltd.,  
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Reagent Grade, 70-80 nm, 99.9% purity).  

B. Experimental Conditions 

The collection of X-ray diffraction patterns s was 

performed by the use (Shimadzu XRD-6000) goniometer 

using copper target (Cu Kα, 1.5406 Å), (40 kV, 30 mA). The 

samples were mounted in an aluminum sample holder. 

Step-scan data were collected from (20°-100°) with a step 

width of 0.02°. The time of data acquisition was chosen to 

obtain the intensity of the most intense diffraction line of 5 

sec/step counts for all X-ray patterns s. The divergence, 

scattering, and receiving slits are 1.0◦, 1.0◦ and 0.30 (mm) 

respectively. The Rietveld analysis was performed applying 

Fullprof program.  

C. Rietveld Analysis 

Rietveld method can be defined is a crystal structure 

refinement method, from powder diffraction data. A patterns  

is calculated from a series of structural  parameters (cell, 

atomic coordinates, thermal motion, etc) and peak shape and 

width  parameters (plus background, Lorentz-polarisation 

correction, etc), and compared to the  observed data [8, 9]. 

Rietveld method can be used to solve a structure from the 

powder diffraction data. It starts by taking a trial structure, 

calculating a powder diffraction profile from it and then 

comparing it with the measured profile. The trial structure can 

then be gradually modified by changing the atomic positions 

and refined until a best-fit match with the measured patterns  

is obtained. The validity of the structure obtained is assessed 

by an R factor, and by a difference plot of the two patterns s 

[10]. The basic idea behind the Rietveld method is the 

calculation of the entire powder patterns using a variety of 

different refinable parameters. The parameters can roughly be 

divided into three categories: structural parameters, which 

mainly affect the intensities of the Bragg reflections, profile 

parameters, which are determined by the instrument, the 

sample, and background parameters [11].   

The Rietveld method uses a model to calculate diffraction 

pattern which is then compared with observed data. The 

difference between all data set points of the observed and the 

calculated profiles is minimized by a least squares refinement 

of selected parameters. The least-squares refinement leads to 

a minimal residual quantity Sy [12, 13]: 

Sy = ∑i wi(Yoi – Yci)
2
                                                           (1) 

Where Yoi : is the observed intensity at point i of the 

observed powder patterns , Yci : is the calculated intensity for 

the ith data point and w i : The weight at point i in the 

diffraction profile is based on the counting statistics. 

Many different statistical agreement factors have been 

proposed for judging the quality of a Rietveld refinement. The 

most common one is the so called weighted profile R-factor 

(Rwp). That these factors measure not just how well the 

structural model fits the diffraction intensities, but also how 

well we have fit the background and how well the diffraction 
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positions and peak shapes have been fit[11, 14].  

The calculated intensities yci are determined by summing 

the contributions from neighboring Bragg reflections plus the 

background [15, 16]: 

 

Yci = S∑k Lk Fk Ø (2Өi-2Өk) Ok A + Ybi                                           (2) 

 

Where S: is the scale factor, K : represents the Miller 

indices (hkl) for a Bragg’s reflection (which depends on the: 

symmetry),  Lk : is a function containing Lorentz, polarization 

and multiplicity factors, Ø : the reflection profile function, Ok : 

is the preferred orientation function, A : is an is an absorption 

correction factor. (which depends on the: thickness of the 

sample, diffraction geometry and actual weighted average  

linear absorption coefficient). It is constant throughout the 

patterns, and is normally included in the scale factor), Fk: is 

the structure factor for (k
th

) Bragg reflection and Ybi: is the 

background intensity at i
th

 step. 

At the end of a refinement it is necessary to check whether 

the results are meaningful, and whether they meet certain 

standard criteria. Through measure the agreement between 

the observed and calculated models. One of the ways to 

measure the agreement between the observed and calculated 

models is adjust the various atomic parameters so that the 

calculated structure factors match the observed structure 

factors as closely as possible .The factors called (Reliability 

factors) sometimes called the agreement factors. There are 

several R values: R-structure factor (RF), R-Bragg factor (RB), 

R-patterns  factor (Rp), the weighted-profile factor (Rwp) and 

the expected factor (Rexp)[17, 18].       

                                       

1. Weighted-profile Reliability factors [19, 20] 

Rwp = ∑i Wi (yoi ˗ yci)
2
 ⁄ ∑i Wi  (yoi)

2
                     (3) 

2. Expected Reliability factors [21] 

Rexp = [(N – P) ⁄ ∑i Wi  (yoi)
2 
]

1/2
                            (4) 

3. The goodness of fit (χ
2
) [20, 22]

 

χ =[Sy / (N-P)]
1/2

 

χ
2
 = ∑i wi(Yi – Yci)

2 
/(N-P) =  Rwp / Rexp               (5) 

Where N: is the number of observations and P: is the 

number of parameters. 

D. Williamson-Hall Method  

Williamson-Hall method of the X-ray analysis for precise 

determination of crystallite size distribution and analysis of 

lattice strains [23]. 

The average crystalline size was calculated using 

Debye-Scherrer’s formula [24-27]: 

D = Kλ / βD cosӨ                                                             (6) 

where D : crystalline size, K : a constant whose value 

depends on particle shape, λ : wavelength of Cu kα radiation 

and βD : is the broadening solely due to small crystallite size. 

The strain induced in powders due to crystal imperfection 

and distortion was calculated using the formula: 

ɛ = βs /4tanӨ                                                                     (7) 

Where βs: is the peak broadening due to lattice strain, Ө: is 

the Bragg’s angle. 

From above two equations, it was confirmed that the peak 

width from crystallite size varies as 1/cosӨ strain varies as 

tanӨ. Assuming that the particle size and strain contributions 

to line broadening are independent to each other and both 

have a Cauchy-like profile, the total peak broadening βhkl may 

be expressed as:  

βhkl = βD + βs                                                             (8) 

βhkl cosӨ = (Kλ / D) + (4ɛ sinӨ)                              (9) 

The above equations are W-H equations. A plot is drawn 

with sinӨ along the x-axis and βhkl cosӨ along the y-axis. 

III. RESULTS AND DISCUSION 

XRD patterns s of all samples are shown in figures (1a, 1b, 

1c, 1d).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (1): 

X-ray diffraction patterns of: (a) ZnO nanopowder, (b) ZnO 

nanopowder after heat treatment                                           at 

(1200 °C), (c) ZnO micropowder , (d) ZnO micropowder after 

heat treatment at (1200 °C). 

The patterns s of ZnO nano powder before and after heat 

treatment at (1200 °C) exhibited strong diffraction peaks at 

(36.318°, 31.838°, 34.488°) and 36.310°, 31.826°, 34.487°) 

respectively. While XRD patterns s of ZnO micro powder 

before and after heat treatment at (1200 °C) exhibited strong 

diffraction peaks at (36.312°, 31.829°, 34.489°)  and 

(36.457°, 31.972°, 34.640°) respectively.  
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Rietveld refinements of all samples ZnO are shown in 

Figure (2). The experimental points are plotted as dots (.) and 

theoretical data (calculated by equation 2) are shown as solid 

line. The difference between theoretical and experimental 

data is shown in the bottom line of each figure. The vertical 

lines represent the Bragg’s allowed peaks. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (2): The refined XRD patterns of  ZnO (a) nanopowder, 

(b) nano powder before heat treatment,  (c) micropowder,(d) 

micro powder after heat treatment. The red line is the 

experimental data; the blue line is the theoretical data. The 

lowest trace indicates the difference between patterns. The 

middle vertical lines indicate the peak position. 

Table (1) shows unit cell parameters, crystal system, space 

group and unit cell volume for ZnO nano and micro powders 

before and after heat treatment. 

 

 

 

 

 

Table (1): Unit cell parameters, crystal system, space group 

and unit cell volume for ZnO powders. 

 

 
 

Table (2) shows strain and grain size according to 

Williamson-Hall and grain size according to Debye-Scherrer 

for ZnO nano and micro powders before and after heat 

treatment. 

 

Table (2): Strain and grain size according to W-H and grain 

size according to Debye-Scherrer for ZnO powders. 

 

From table (2) it is shown that the average grains sizes of 

the ZnO powders after heat treatment for both powders is 

increased. The difference between grain size according to 

W-H and grain size according to Debye-Scherrer occurs 

because W-H method takes into account the microstrain 

generated between atoms due to the defects and distortions in 

crystal. A negative value for the strain means lattice 

shrinkage. 

The SEM micrographs for ZnO nano powder before and 

after heat treatment (Fig. 3a and 3b) show that a network 

formation and agglomeration has taken place. The SEM 

micrographs clearly show the microstructural homogeneity 

and remarkably dense mode of packing of grains of ZnO 

nanoparticles. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (3a): SEM images of ZnO nano powder before heat 

treatment. 
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Fig. (3b): SEM images of ZnO nano powder after heat 

treatment. 

 

The SEM micrographs for ZnO micro powder before heat 

treatment (Fig. 4a) show the particle that the columnar and 

polygon surface. After heat treatment SEM micrograph 

images (Fig. 4b) show the grains have pyramid forms. 

 

 

 

 

 

 

 

 

 

 

 

 

 

     

 

 

 

 

 

 

 

 

 

 

 
Fig. (4): SEM images of ZnO micro powder:   (a) before heat 

treatment, (b) after heat treatment. 

                                                                                                                            

IV. CONCLUSIONS 

Qualitative phase analysis performed by Rietveld X-ray 

diffraction using “Fullprof” program for nano and micro ZnO 

before and after heat treatment at (1200 °C). The obtained 

results showed a good agreement between the observed X-ray 

diffraction patterns and that the calculated by Rietveld 

technique. The results show that the grains size estimated by 

Debye-Scherrer formula and Williamson-Hall formula 

increases after heat treatment for both the nano and micro 

ZnO powder. No phase transition occurred because the 

powders need to heat treatment at high temperature. The SEM 

micrographs for ZnO nano powder show that a network 

formation and agglomeration has taken place. The SEM 

micrographs for ZnO micro powder before heat treatment 

show the particle that the columnar and polygon surface for 

after heat treatment SEM micrograph images show the grains 

have pyramid forms. The result shows that Rietveld 

refinement give exact results compared to other known 

methods for the study of the structural properties. 
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