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Abstract 
 
The effect of pressure on the structural properties of Pb2Ba2Ca2Cu3O9 was 

investigated using solid state reaction technology, with different pressures. 
Appropriate amount of Pb2O3, CaO, BaO and CuO with 99.99% purity was 

used as raw materials and then mixed. Pallets with a diameter of 1.5 cm and 

thickness (0.2-0.3) cm were prepared under different pressures 5 ton/cm2 

(Sample A), 6 ton/cm2 (Sample B), 7 ton/cm2 (Sample C), 8 ton/cm2 
(Sample D) and 9 ton/cm2 (Sample E) The pallets were sintered at a constant 

temperature of 800 °C. Structural properties under normal pressure were 

studied. The X-RAY diffraction was studied of the compound 
Pb2Ba2Ca2Cu3O9, the results showed the crystal structure remains 

conservative on the tetragonal structures despite the change in pressure. The 

Full width at half maximum (FWHM) was calculated by the Orange Pro 
program by using X-RAY data. The crystalline size was calculated by using 

Scherrer and Willeamson-Heall methods, Where the highest average of 

crystalline size 173.31 nm, crystallinity at 75.1542% and Strain decrease to 

0.0052 by increase pressure to 8 ton/cm2. 
 

Key words: Tetragonal structure, Solid state reaction technology, different 

pressures and crystalline size and crystallinity. 
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1 Introduction 
 

The Ceramic materials have many common properties such as 

fragileness, withstand pressure, and tension weakness [1]. The other property 

that ceramic materials participate is the resistance for chemical corrosion at 
acid or caustic medium. Temperature resistance is another property that 

appears on ceramic materials, which they stand up to 1600°C. PBCCO is a 

type of ceramic cuprate material [2]. It is a material with layers with a 

structure like a network of CuO2 layers interspersed with layers of barium 
oxide and calcium, where inappropriate stress between different layers leads 

to a complex heterogeneity on the physical properties [3,4]. 

In this work, the manufactured of the ceramic PBCCO were 
distinguished by demonstrating good homogeneity for the prepared items. 

The gained results were obtained by investigating the XRD for the fabricated 

items. The characteristics, such as crystal size, strain and crystallinity were 
investigated from Debye Scherrer and Willeamson-Heall formula. 

 

2 Experimental Technique 
 

The Pb2Br2Ca2Cu3O9 ceramic compound was prepared using solid - 

state reaction method for components according to the chemical formula [5]. 
Where high purity (99.9%) was used for lead, barium, calcium and copper 

oxides, materials were weighed according to its molecular formulas. The 

ingredients were mixed together with a manual mortar, where the process of 

mixing and grinding took place for a period of 60 mints. The mixture was 
dried in an oven at 200˚C. The mixture was divided into five parts, then these 

parts were pressed using a hydraulic press as a Pallets with a diameter of 1.5 

cm and thickness (0.2-0.3) cm under different pressures 5 ton / cm2 (Sample 
A), 6 ton / cm2 (Sample B), 7 ton / cm2 (Sample C), 8 ton / Cm2 (sample D) 

and 9 ton / cm2 (sample E), respectively. 

Then the five samples were put in farness for sintering at 800˚C during 

24 hr. With a heating rate of (25 C / min) and under normal atmospheric 
pressure, then the samples were cooled to room temperature and at a cooling 

rate (25 C / min). The structure of the prepared sample was obtained by using 

x-ray diffract meter (XRD). By using the Shimadzu X-ray Inspector with 
specifications (Cukα, Voltage: 40Kv, Current: 30mA, Wave Length: 

1.5406Å) and within the range (10o-80o) with a step size of 0.02o and at 

room temperature. 
Crystalline structures were investigated through the analysis of the X-ray 

intensity diagram. The lines in the powder diffraction pattern have limited 

amplitude, and when the particles getting smaller will lead to widen the lines 

of the XRD. There is an inverse relationship between expansion and the 
crystal size [6-8]. The (FWHM) is the key to evaluate the crystal size. 
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Due to the effect of crystalline volume and intrinsic stress effect, XRD 

peak diffraction in crystals is greater, so that this peak broadening usually 

consists of two parts of instrument brooding and material broadening. It is 
very important to calculate the exact value of βhkl [7] precisely in order to 

implement the Scherrer method in a safe manner [9]. Such automatic 

broadening can be rectified by using the given equation; 

         (1) 
The mean crystalline size is calculated using the Scherer formula [8]:  

                                                                          (2) 

Where D is a crystal size, k is a coefficient of = 0.9; λ, wavelength of X-
ray = 1.540598 A; could be rewritten Equation (2). [10],  

                                                                                      (3) 
There is another way to find crystal size and stress. It is the Williamson 

Hall method, where total expansion due to stress and volume can be 

expressed at a particular peak that has a value of hkl. The sample expansion 

is described by 
FW×cosθ = (Kλ/size) +4×strain×sinθ                                     (4) 

The equation that calculate total broadening βt is: 

                                     ( ) 

Where the average size of the crystal is represented by D, and the strain 
is ε, while the instrumental broadening is symbolized by βo.Crystallinity can 

be measured using x-ray crystallography, based on the following equation: 

                       ( ) 

  

3 Results and Discussion 
 

1X-ray diffraction pattern for samples was taken for five different 

pressures in the steps of the PBCCO sample. From the X-ray diffraction, it 

could be evaluate the PBCCO crystal size by utilizing Debye Scherrer 
equation. As it is noticed there is a lesson to change the XRD spectrum of 

PBCCO with increasing pressure from 5 to 9 as shown in Figure 1. 

The (XRD) of the compound Pb2Ba2Ca2Cu3O9, in the range of 10o to 

80o shows peaks. The X-ray diffraction curves approve the consistence of Pb 
-1223 phase with nearly polycrystalline at phase-pure. Figure. 1 illustrated 

the XRD output chart. It could be seen from the spectra that there were malty 

phases in all samples of the Pb -1223 phase with little impurity phases of 
Ca3PbO6 and Ca2CuO3. The pattern reveals more than one phase due to the 

stacking faults along the c-axis [11].  
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The XRD patterns for all samples shows that all the samples have 

reflection intensity of the Pb -1223 phase, these changing with increasing 

pressure and all samples have tetragonal Crystal system[4] . 
 

 
Figure 1: XRD pattern of the compound PbBa2Ca2Cu3O9 with different pressures 

  

4 Calculate the Crystal Size by Scheirrir Method 
 

Now, from equation 3 we can plot a graph of 1 / βhkl versus cosθ of 
compound Pb2Ba2Ca2Cu3O9 and for all pressures from 5-9, as shown in 

Figure 2, where 1 / khkl represents the X axis and cosθ represents the Y axis. 

In this figure, the values of all peaks represented by points were fixed, then 
the equation of the best straight line passing through the points was taken, 

whose slope represents the crystal size D (depending on the equation 3), and 

this process was applied to the sample chart prepared by pressures 5, 6, 7, 8 

and 9 and the results are listed in Table 1.  All values of the crystal size are 
drawn as a function of the pressures 5, 6, 7, 8, and 9 shown in Figure 3. 

Where it is observed from this form that the crystal size (C.S.) increases with 

increasing pressure until it becomes the largest possible C.S. (173.31 nm) in 
the sample with pressure 7 and 8 ton/cm2, then the crystalline volume 

decreases when the pressure increases at 9 ton/cm2. 
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Figure 2: Represent the relationship of 1 / βhkl versus cosθ of compound 

Pb2Ba2Ca2Cu3O9 for samples with pressures 5, 6, 7, 8 and 9 ton/cm2 

 
Figure 3: The crystal size as a function of pressure for samples with pressures 5, 6, 

7, 8 and 9 ton/cm2 

 

5 Calculate the Crystal Size by Williamson and Hull 
Method 
  

From equation 5 if βtot cosθ as a function of sinθ, the strain component 
could be evaluated.This plot is known as the Williamson-Hall plot. Where 

Williamson and Hull are a method for stress analysis and volume expansion, 

where the peak width versus 2θ [12], and that illustrated in Figure 4.  



                                                                                                                  
 

 

 
 

 

 
6057 Kassim Mahdi Wadi et.al 

 

Values of the crystal size are drawn as a function of the pressures 5, 6, 7, 

8, and 9 shown in Figure 5.Where it is observed from this form that the 

crystal size increases with increasing pressure until it becomes the largest 
possible C.S. (173.31 nm) in the sample with pressure 7 and 8. This means 

that there is congruence in calculating the crystalline volume with the method 

of Scheirrir. 
Figure 6 represents the relationship between the strain that was computed 

from equation 5 and Figure 4 and its details are listed in Table 1. It should be 

noted that there is a general decrease in the strain values as the pressure on 
the samples increases [13-14]. 

 
Figure 4: Williamson–Hall plot for compound Pb2Ba2Ca2Cu3O9 for samples with 

pressures 5, 6, 7, 8 and 9 ton/cm2 

 

 
Figure 5: The crystal size as a function of pressure for samples with pressures 5, 6, 

7, 8 and 9 ton/cm2 
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Figure 6: Strain as a function of pressure for samples with pressures 5, 6, 7, 8 and 9 

ton/cm2. 

 

6 Crystallinity 
 

Crystallinity can be calculated using x-ray crystallography. The glass 

ceramics and some polymers, could be manufactured that formed a 

combination of crystalline and amorphous style. The definition of 
crystallinity is a percentage of the volume of crystalline content. 

Nevertheless, the degree of structural perfection can differ even within 

materials which are fully crystalline. Most metallic alloys for example are 

crystalline. However, it is usually appears on many individual crystalline 
regions (grains or crystals) in different directions, separated by grain 

boundaries. Other crystalline defects (especially perturbations) that reduce 

the degree of structural perfection. 
Figure 7 represents the relationship between the Crystallinity that was 

calculated from equation 6 and listed its details in Table 1. It should be noted 

that there is a change in the c Crystallinity values with the increase in 

pressure on the samples. 
 

 
Figure 7: The crystal size as a function of pressure for samples with pressures 5, 6, 

7, 8 and 9 ton/cm2 
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Table 1: The crystalline size, Strain and crystallinity were calculated by using 

Scherrer and Willeamson-Heall methods, for different pressure. 

Pressure 

ton 

Scherrer Williamson Hall C.S. nm Crystallinity 

% C.S. nm C.S. nm Strain 

5 154.05 154.05 0.0062 72.5712 

6 154.05 157.56 0.005 72.8502 

7 173.31 173.31 0.0054 70.3674 

8 173.31 173.31 0.0052 75.1542 

9 154.05 155.79 0.0055 70.9269 

 

7 Conclusions 
 

We have successfully prepared the compound of Pb2Ba2Ca2Cu3O9 
Perovskite for samples with different pressures 5, 6, 7, 8 and 9 ton/cm2. 

Samples were prepared by the solid-state method. Pallets were sintered at a 

constant temperature of 800 ° C. Structural properties under normal pressures 

were studied. The X-RAY diffraction was studied of the compound; the 
results showed the crystal structure remains conservative on the tetragonal 

structures despite the change in pressure. The Full width at half maximum 

(FWHM) was calculated by the Orange Pro program by using X-RAY data. 
The crystalline size was calculated by using Scherrer and Willeamson-Heall 

methods, the Shearer method only recognizes the effect of crystalline size to 

extend the peak of XRD while the Willeamson-Heall methods enables us to 
calculate the crystalline size added to Strain. It was found that the highest 

average of crystalline size 173.31nm, crystallinity at 75.1542% and Strain 

decrease to 0.0052 by increase pressure to 8 ton/cm2. 
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