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The eff ect of partial substitution for lanthanum (La) on the structural properties of the 

compound Y1-xLaxBa4Cu7O15+δ were studied. The variation of (x) are x=0.1, 0.2 and 0.3, 

which was synthesized by solid state reaction method. The mixed powder was pressed 

with pressure (7 ton / cm2) as a disc (1.5 cm) diameter and a thickness of (0.25 to 0.3 cm). 

The samples were sintering by 120 °C / hour with a changing rate from room temperature 

to 850 ° C through 72 hours. XRD analysis using to calculate crystal size, strain and 

degree of crystallinity. It was found all samples have orthorhombic structure and change of 

structure with increasing lanthanum concentration. It was shown that the change 

lanthanum concentrations of all our samples produce a change in the crystal size, strain, 

degree of crystallinity and lattice parameters. 
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1. Introduction 
 

The superconductors are classified into two types with respect to temperature as high and 

low temperature superconductors. The high superconductor RE-Ba-Cu-O [(RE) BCO], where RE 

= Sm, Y, and Gd, have the ability to trap more magnetic fields than those produced by the 

permanent magnet field [1, 2]. These materials will be important in high speed trains, medical, 

industrial, trapped flow devices, rotating electrical machines and energy storage systems [3-5]. 

Loose superconductors are characterized by their brittle nature and are often described as being 

similar to ceramics in their physical and chemical properties. In addition, it often limits the extent 

to which it can be exploited in applications as a superconducting material due to its poor 

mechanical properties, especially in higher field fields [6, 7]. Partial addition or substitution of 

certain chemical elements, especially those of a metallic quality, such as silver, lead, copper, 

cadmium, and nickel in the crystalline structure will greatly improve the properties of the bulk 

sample, such as fracture and bending toughness [8-15]. It does not tend to minimize Characteristics 

of single grain superconductivity, unlike many other alloys [16-18]. To prevent the creation of 

grain boundaries, superconductors should be created as single grains for practical applications that 

significantly limits the ability of these materials to produce massive magnetic fields and 

significantly inhibits the high critical current [17]. After more than 30 years of study into the 

production of these materials in form of massive single grains [19]. 

The top melt growth technique is now commonly used to produce single granules with 

large sizes to produce a variety of superconducting formulations [20]. The YBa2Cu3O7-δ 

superconducting phase (Y-123) is decomposed into secondary solid phase Y2BaCuO5 (Y-211) 

non-superconducting and the remaining Ba-Cu liquid phase by heating the pressurized sample 

powder to the temperature of geometric decomposition [18, 19]. Slow cooling with a temperature 

controller with a suitable solid seed crystal in place, allowing it to nucleate and expand grain of 
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large single made up of a continuous Y-123 phase matrix. This approach includes distributing 

separate non-superconducting Y-211 phase contents in addition to the superconducting phase [21]. 

The top melt growth technology is one of the most basic production methods for these 

products, but it is focused on optimizing a large number of interfering processing parameters and 

variables. As a result, applying chemical agents to alloying makes deciding the best manufacturing 

conditions [16, 19]. In some cases, it can be very difficult to successfully grow one single grain. 

Although the original material is chemically stable in nature within the phase matrix of Y-123, the 

incorporation of the elements increases the temperature of the architectural decomposition to form 

the precursor [20]. Recent advancements in dissolution treatment have made it possible to 

consistently and repeatedly manufacture big single YBCO-Ag pellets [13]. In order for these single 

pellets to be useful, their superconducting properties must be comparable to those of the top melt 

growth technology fabricated normal conductivity YBCO [5, 6]. 

In the present work, Y1-xLaxBa4Cu7O15+δ polycrystalline compound were prepared by use 

solid state reaction process. We will analyze the Y1-xLaxBa4Cu7O15+δ structural properties and 

study the effect partial substitution of lanthanum concentrations on crystal size, strain and degree 

of crystallization by using different methods. 

 

 
2. Experimental  
 

Four Samples with formula Y1-xLaxBa4Cu7O15+δ were prepared by solid reaction technique 

where x = 0.1, 0.2 and 0.3. The purity of primary ingredients was taken care of: the basic content 

of Y203 was 99.99%, BaO, 99.99%, and CuO was 99.99%. Additives were introduced in the form 

of highly pure alkaline oxides (LaO more than 99.9% by weight). The ingredients were weighed 

and mixed with an electric magnetic stirrer for 45 minutes, and then pressed into tablets with a 

diameter of 1.5 cm and a thickness of 3 mm with a pressure of  9 ton/cm2.  Samples were sintering 

by 120°C / hour rate from room temperature to a reaching 850°C and they were kept at 850°C for 

90 hours and then were cooled with same rate to 400 ° C, then stays at this temperature for 4 hours 

with oxygen injected into furnace. After that temperature of furnace was decreased from 400 to 25 

°C at same rate. The structure of prepared samples was obtained using X-ray diffraction 

measurements in θ-2θ arrangement, in the 20 to 60 degrees range. 

 

 
3. Results and discussion 
 

XRD was examined for Y1-xLaxBa4Cu7O15+δ bulk polycrystalline samples where x=0.1, 

0.2, 0.3 and 0.4, for a deflection angle ranging between (20
o
 to 80

o
), which were illustrated in 

Figure 1. The results shows a polycrystalline structure for all samples have with a structure of an 

orthorhombic. The pattern of the (XRD) for doped sample illustrated the existence of Y-147 in 

high rate with less phases of (Y-211 and Y-123) and some impurity phases appearing [22]. By 

substitution of La concentration, the fluctuation of the intensities for the phases (Y-211 and Y-123) 

and the accumulated of impurities could be refer to the defect in the internal structure of the 

samples. The substitution process will lead to a very small shift in the (XRD) chart angle and 

peaks intensities. XRD analysis using to calculate crystal size, strain and degree of crystallinity. 

The crystal size was calculated by different methods, the Shearer method, Williamson-Hall, and 

the Size-strain plot method. 
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Fig. 1. X-ray diffraction for Y1-xLaxBa4Cu7O15+δ bulk polycrystalline samples where x=0.1, 0.2 and 0.3. 

 

 

3.1. Scherrer Method 

The Scherrer equation is a formula that relates the average crystal size in solids to a peak 

expansion in the X-ray diffraction pattern, and is mainly based on the values obtained from X-ray 

diffraction. It is named by the scientist (Paul Shearer) put it.  Scherrer formula is used to calculate 

the average crystal size in the vertical direction of the crystal. D=Kλ/ (β cosθ), where K=constant, 

λ is the X-ray wavelength and d = Full width at half maximum peak intensity (in Rad). Average 

crystal size can calculate using the Origin software. The Figure 2 shown a graph of cosθ as a 

function of 1/ßhkl for Y0.9La0.1Ba4Cu7O15+δ bulk polycrystalline, the Scherrer crystalline size can be 

calculated from the slope which is found as 5.2043 nm. In the same way, the crystal size of 

Y0.8La0.2Ba4Cu7O15+δ and Y0.7La0.3Ba4Cu7O15+δ was calculated when X =0.2 and 0.3  was found, as 

it was found to be 261.3091 and 281.3589 nm, respectively  and their values are indicated in the 

table. 

 

 
 

Fig. 2. Graph of cosθ as a function of 1/ßhkl for Y0.9La0.1Ba4Cu7O15+ δ bulk polycrystalline slope  

presented to Scherrer crystalline size. 

 

 

3.2. Williamson-Hall method 

Williamson-Hall method is it method for finding crystal size and crystal strain. The 

curvature of the XRD peak physical line occurs due to the magnitude [23]. So the total anxiety 

induced by strain and size crystal at a given peak having hkl value can be expressed from the 



522 

 

 

Williamson-Hall relationship [24, 25]. From this relationship and with the aid of an X-ray 

diffraction diagram, a line equation is possible to draw a graph between cosθ versus to 4sinθ of the 

Y0.9La0.1Ba4Cu7O15+δ bulk polycrystalline as shown in Figure 3, where the X axis represents 4 sinθ 

and the Y axis represents cosθ. This diagram gives the slope of the straight line has an intrinsic 

strain value of 0.00236. Pinna gives the average crystal size of the compound found to be 50.056 

nm [12, 23]. In the same way, the crystal size of Y0.8La0.2Ba4Cu7O15+δ and Y0.7La0.3Ba4Cu7O15+δ 

was calculated when X =0.2 and 0.3, was found to be 45.514 and 258.9426 nm, while the strain 

0.0017 and 0.00209 respectively, their values are indicated in the table. 

 

 
 

Fig. 3. Bhkl cosθ versus 4sinθ for Y0.9La0.1Ba4Cu7O15+ δ bulk polycrystalline Slope presented  

to strain value of Williamson-Hall method 

 

 

3.3. The Size-strain plot  (SSP) method 
The SSP method also provides better isotropic expansion performance, as it places more 

emphasis on low-angle reflections, where the resolution for low-angle reflections is greater than at 

higher angles. This is because the X-RAY data at lower angles are usually strongly overlapping 

peaks. Therefore, the measurement of SSP is performed using formula [23-25]. It is possible to 

draw a graph between d Bhkl cosθ versus d2cosθ of the Y0.9La0.1Ba4Cu7O15+δ compound, where the 

X axis represents d2cosθ and the Y axis represents by dB cosθ as shown in Figure 4. This drawing 

gives the slope of the straight line crystal size value of the Size – stain method which is 33.832 nm 

when x=.01 and 29.762 and 182.6294 nm when x=0.2 and 0.3 respectively, their values are 

indicated in the table. 

 

 
 

Fig. 4. d Bhkl cosθ versus d
2
cosθ for Y0.9La0.1Ba4Cu7O15+ δ bulk polycrystalline Slope presented  

to line crystal size value of  the Size – stain method. 

 

 

3.4. Crystallinity 

The degree of crystallinity can be assessed using x-rays for many glass-ceramic materials 

and some polymers through which it is possible to identify and distinguish a mixture of crystalline 
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and amorphous regions, such as where crystallinity is generally observed as a percentage of the 

size of the crystalline material. Crystallinity can be measured using X-ray crystallography, 

applying the following equation [24, 25]: 

 

Crystallinity =
Aera of Crystalline peaks 

Aera of all peaks (Crystalline+Amorphus) 
 x 100                                      (1) 

 

After applying the above equation, the results listed in the table were obtained. Figure 5 is 

drawn, which represents the relationship between the degrees of crystallinity as a function of the 

concentration of lanthanum. It should be noted that there was a change in the crystallization values 

with an increase in the concentration of lanthanum. 
 

 
 

Fig. 5. Degree of Crystallinity as a function of La concentration for Y1-xLaxBa4Cu7O15+ δ bulk  

polycrystalline samples where x=0.1, 0.2 and 0.3. 

 

 

Table 1. Geometrical parameters of Y1-xLaxBa4Cu7O15+ δ compound using different Methods. 

 

Crystallinity 

(%) 

Scherrer plot method Williamson- Hall method The Size – stain method 

Crystal size (nm) 
Crystal size 

(nm) 
strain 

Crystal size 

(nm) 
strain 

46.0706 52.043 50.056 0.00236 33.832 0.1432 

60.2045 261.3091 45.514 0.0017 29.762 0.252 

51.6072 281.3589 258.9426 0.00209 182.6294 0.00304 

 

 

4. Conclusions 
 

In this manuscript the Perovskite Y1-xLaxBa4Cu7O15+δ bulk polycrystalline samples where 

x=0.1, 0.2 and 0.3 was successfully prepared by the solid-state reaction method. The three samples 

were examined with an X-ray diffraction XRD analysis. It was found all samples have 

orthorhombic structure and change of structure with increasing lanthanum concentration. XRD 

analysis using to calculate crystal size, strain and degree of crystallinity. The crystal size was 

calculated by different methods, namely the Shearer method, Williamson-Hall, and the Size-strain 

plot method, and the results were different for the three methods, because these methods depend 

on the type of material and the method of preparation. Shearer's method considers the effect of 

crystal size only, while Williamson-Hall and Size-strain plot mention addition to crystal volume 

accounting for induced strain. The results shown that the change lanthanum concentrations of all 

our samples produce a change in the crystal size, strain, degree of crystallinity and lattice 

parameters. 
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