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 In the current work, we focused on the impact of Indium oxide 

partial substitution at the (Hg) site on the structural characteristics of the 

(HgBa2Ca2Cu2.85La0.15O8+δ) compound with (0,0.05,0.1,0.15,0.2 and 

0.25).  Samples were prepared by the (SSR) method. The combined 

powder was crushed with a pressure of 7 tons per square centimeter to 

create a disc with a thickness of (0.2 cm) and a diameter of (1.5 cm). 

The samples sintered for 24 hours at a rate that was changed from 

ambient temperature to 820 °C. For the samples which were doped with 

(In=0.05) in comparison to other samples, the highest value of the c-axis 

lattice parameter and a pseudo-tetragonal structure were discovered 

using (XRD) analysis. It was discovered that altering the In 

concentrations in all of the results of our sample changes the volume 

fraction VPh(1223), mass density dm, and  c/a. It was also determined 

that the change in lattice parameters, degree of crystallinity, crystal size, 

and strain (in different ways) resulted from a change in the indium oxide 

concentrations for all samples. 

DOI: https://doi.org/10.31257/2018/JKP/2023/v15.i01.10917   
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على  (In2O3)ودراسة تأثير الإستبذال الجزئي  للزئبق ب  (HgBa2Ca2Cu2.85La0.15O8+δ)تحضير المركة 

 الخواص التركيبية

حيذر محمذ جواد حيذر
2

اخلاص حسن 
1

 

1
 قسى هُذست انًىاد، كهُت انهُذست، جبيعت انكىفت، انُجف، انعراق. 
2
 قسى انفُزَبء، كهُت انتربُت نهبُبث،جبيعت انكىفت، انُجف، انعراق 

 ةـــلاصـــخ  ــــال  الكلمات المفتاحية:

 الاستبذال انجزئٍ

 (SSR)بطرَقت تفبعم انحبنت انصهبت 

 (XRDتحهُم )

 درجت انتبهىر

 والاَفعبل، ةانبهىرحجى 

 دراست حىل تأثُر الاستبذال انجزئٍ لأكسُذ الإَدذَىو فدٍ يىقد  فٍ انعًم انحبنٍ ،إجرَُب 

(Hg)  عهً انخصدبئ  انتركُبُدت نهًركد(HgBa2Ca2Cu2.85La0.15O8+δ) بُسد  إسدتبذال 

 (SSR). تددى تحرددُر انعُُددبث بطرَقددت تفبعددم انحبنددت انصددهبت (20..20..100..10..00...0.)

mailto:eklaseh.alkhazraji@uokufa.edu.iq
https://doi.org/10.31257/2018/JKP/2023/v15.i01.10917
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1. INTRODUCTION 

It has been discovered that there is a 

distinction between substances and chemical 

elements when it comes to electrical resistance 

or conductivity. Since the early of 1960s, 

superconducting materials have demonstrated 

distinctive and inherent properties, making them 

crucial for electronic device applications that 

call for cooling at extremely low 

temperatures[1-3]. Because of their high 

transition temperatures, mercury-based 

superconducting capsules like 

HgBa2CuO4+δ(Tc=940k), 

HgBa2CaCu2O6+δ(Tc=127
0
k), and 

HgBa2Ca2Cu3O8+δ(Tc=134
0
k) are considered to 

be among the high-temperature superconducting 

materials [4]. By processing it in a furnace with 

high pressure, the critical transition temperature 

has risen to 160 K[5]. 

Extensive research on superconductivity 

has been performed with encouraging outcomes 

since the discovery of the first high-temperature 

superconductors based on mercury  (Hg-1201) 

material with a high Tc. Many of the major 

problems with superconductivity remain 

involve superconducting materials, despite the 

field's enormous achievements. The difficulty of 

shaping these materials into wires or circuits 

such that they may transport high currents that 

are not permitted in typical conductors is one of 

these difficulties and has been a key problem 

ever since superconductivity was discovered[6-

8]. One of the systems in the HBCCO family of 

superconducting mercury compounds is this 

one, the high-critical temperature 

superconducting material is produced by a 

Mercury oxide airplane [9]. 

According to several studies, favorable 

alternatives boost the phase development and 

superconducting characteristics of (Hg-1223). 

The partial substitution of some higher valence 

elements, such as Pb, Y, or Re, or other 

elements, might enhance the critical current 

density and phase development of Mercury -

1223[5]. 

They have not used the Hg-Base family as 

frequently as other HTSC materials. This is 

because HTSC phases containing mercury are 

extremely difficult to synthesize and extremely 

susceptible to contamination by moisture and 

carbon dioxide. Samples of Mercury-Base are 

known to degrade fast after production. To 

increase the stability of the HTSC Mercury-

Base stage, a lot of work has been done 

recently[3]. 

In the current study, (SSR) method was 

used to create polycrystalline compounds of 

(Hg1-xInxBa2Ca2Cu2.85La0.15O8+δ) where (x=0, 

0.05, 0.1, 0.15, 0.20, 0.25). We will examine the 

structural characteristics of compounds and 

investigate the impact of partial Indium 

substitution on crystallinity degree, crystallite 

size, and strain (using multiple methods). 

2. EXPERIMENTAL DETAILS 

Using the (SSR) method, the 

superconducting compound (Hg1-

xInxBa2Ca2Cu2.85La0.15O8+δ) with (x=0, 0.05, 

سدى(  2..طدٍ نكدم سدُتًُتر يربد  نتكدىٍَ قدر  بسدً  ) 7انًرك  برغط  تى كبس يسحىق.

سددبعت بًعدذل تغُددر يدٍ درجدت انحددرارة انغرفدت إنددً  22سدى(. نبددذث انعُُدبث نًدذة  1.0وقطدر )

( يقبرَدت ببنعُُدبث In =0.05ببنُسبت نهعُُبث انتدٍ تحتدىٌ َسدبت الإسدتبذال) .درجت يئىَت .02

ببستخذاو تحهُم tetragonalوتركُ  cيم شبُكت انًحىر الأخري ، تى اكتشبف أعهً قًُت نًعب

(XRD ٍتدددى اكتشدددبف أٌ تغُُدددر انتراكُدددز فدددٍ جًُددد  َتدددبئل انعُُدددت َغُدددر انكسدددر انحجًددد .)

VPh(1223) وكثبفت انكتهُت dm  وc /a تدى اسدتخذاو تحهُدم .XRD  ، نتحذَدذ يعدبي ث انشدبُكت

حُددإ إَهددب تتغُدر  يدد  تغُددر تراكُددز  ودرجدت انتبهددىر وحجددى انبهدرة ، والاَفعددبل )بطددرق يختهفدت(

 .أكسُذ الإَذَىو نجًُ  انعُُبث
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0.1, 0.15, 0.20, 0.25), was prepared by using 

suitable weights of powders of (HgO, BaO, 

CaO, CuO, La2O3, In2O3 ) (with a purity of 

more than 99.9%). With sensitivity order (10
-4

) 

g, a sensitive balance was used to estimate the 

reactants. To homogenize the reactants, 

isopropanol (C2H3O5) was added and the 

reactants were mixed in a gate mortar for two 

hours to obtain fineness and optimal 

homogeneity of the powders, then the resulting 

powders were dried at a temperature of 200 
o
C 

for a period of (1hr) in a drying oven. The 

samples were compressed into discs with a 

thickness of ( 0.2cm) and a diameter of (1.5 cm) 

using a hydraulic press under pressure (7 

tons/cm
2
) for one minute. To produce a 

coherent material and to assure the process, the 

samples were sintered inside a sintering furnace 

for 24 hours at a temperature of 820 degrees 

Celsius. The temperature was progressively 

raised (i.e. at the rate of 10 
o
C/min). The 

samples were gradually cooled within the 

furnace at the same heating rate after optimal 

atoms diffusion. To determine the samples' 

structural characteristics, the samples were 

examined at within the diffraction angle range 

(10-80). The constants (a,  

b, and c) were determined theoretically 

using Miller indices and d-values of the 

observed XRD pattern reflections. Additionally, 

the cell unit density was determined, and the 

percentages of the phases created in the samples 

were calculated using the equation below [10, 

11]: 

(   )  
∑  

∑   ∑    ∑       (     )

          

and the concentrations of  hole per Cu 

ion(P) was calculated by means of  [12]: 

  (    )  [(          ⁄ ) (    )⁄ ]
 

 ⁄      

Investigation of the impact of partial 

substitution of concentrations on the degree of 

crystallinity, and crystallite size, strain was 

conducted using various techniques. 

 

 

3. RESULTS AND DISCUSSION 

The produced samples of (Hg1-

xInxBa2Ca2Cu2.85La0.15O8+δ) were seen to have 

various Indium concentrations(x=0, 0.05, 0.1, 

0.15, 0.20, 0.25) that were given a general 

structural analysis using the (XRD) method. All 

of the samples were polycrystalline and 

correlate to tetragonal, according to the (XRD) 

data gathered from a variety of samples. In 

Fig.1, the representative (XRD) pattern is 

displayed. The spectra revealed that all samples 

were composed mostly of some impurity phases 

in addition to the low -Tc phase(1212) and the 

high-Tc phase (1223). The arranging defects 

throughout the c-axis may be the cause of the 

emergence of more than two phases [13]. 

According to a comparison of the XRD 

patterns', the relative intensities for samples 

with ln=0.05, 0.15, 0.2, and 0.25 with the same 

reflections' relative intensity in the sample with 

ln=0.0, all samples have reflection intensities of 

the High-Tc phase reflections (peaks H) and 

Low-Tc phase reflections (peaks L), with the 

(peaks H) changing and the (peaks L) is 

changing with changing ln.  

Table 1 shows the lattice constants ( a, b, 

and c), mass density dm, and  (V phase) which 

were found through the results of (XRD). 

The conduction channel in Hg-base is holes 

in the Cu-O2 layers, which are strengthened by 

the Hg-O layer, as a result of the replacement of 

ln for Hg owing to the different ionic radii. Hg-

1223's charge transfer from the Hg layer to the 

Cu layer is adjusted by the c-axis' 

deformation[13]. 

Crystallite size, strain, and degree of 

crystallinity are calculated using XRD analysis. 

Different techniques were used to determine the 

crystal size, including the Halder-Wagner 

Langford method, the modified Scherrer 
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method, the Williamson-Hall method, and the 

Size-strain plot approach. 

Table 1: Demonstrates the generated samples' 

phase ratios, lattice coefficients, (c/a), and 

density. 
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Figure 1: X-ray diffraction for (Hg1-

xInxBa2Ca2Cu2.85La0.15O8+δ) bulk polycrystalline 

samples where (x=0, 0.05, 0.1, 0.15, 0.20, 0.25). 

Table 2: Crystallite size and degree of 

crystallinity of (Hg1-xInxBa2Ca2Cu2.85La0.15O8+δ) 

compound using different Methods. 

X 

Cryesti

lanity 

(%) 

crystallite size (D)  (nm) 

Scher
rer 

meth

od 

modifi

ed 

Scherre

r 

method 

Willia
mson 

-Hall 

method 

Size 
-strain 

plot 

method 

Halder 
-Wagner 

Langford 

method 

0 54.39 
30.91

5 
37.234 62.739 30.743 30.788 

0.05 63.51 
28.33

7 
33.882 45.460 27.240 30.257 

0.1 60.84 
33.17

5 
35.906 35.643 37.272 41.356 

0.15 56.42 
37.94

2 
45.178 83.026 23.264 25.853 

0.2 58.93 
28.98

1 
26.788 21.904 19.045 21.168 

0.25 55.76 
32.62

4 
35.648 63.895 34.320 38.153 

Table 3: Strain of (Hg1-

xInxBa2Ca2Cu2.85La0.15O8+δ) compound using 

different Methods. 

X 

strain(ƹ) 

Williamson-

Hall method 

Size-strain 

plot method 

Halder-Wagner 

Langford method 

0 0.00234 0.001016883 0.00128688 

0.05 1.39E-03 0.000139781 0.000907313 

0.1 3.99E-04 0.000545328 0.003539712 

0.15 2.10E-03 0.001302404 0.008453875 

0.2 5.16E-04 0.001378669 0.008948899 

0.25 2.39E-03 7.09132E-05 0.000460296 

 

3.1 Scherrer Method 

Eq.2 refers to The Scherrer equation, which 

is mostly based on data from X-ray diffraction, 

which is a formula that links the average crystal 

size in materials to a peak expansion in the 

diffraction pattern. The scientist (Paul Shearer) 

gave it its name. The average crystallite size (D) 

in the crystal's vertical direction was calculated 

using the following Scherrer formula [14, 15]. 

  
  

        
     

where K=0.9 (constant), The wavelength of 

an X-ray is (λ =0.15406 nm), and      = highest 

peak intensity at full width in Radian (FWHM). 

Utilizing the Origin program, the crystallite size 

may be calculated. Fig.2 shows a graph of 

(cosθ) as a function of (1/ßhkl) for 

(Hg0.95In0.05Ba2Ca2Cu2.85La0.15O8+δ) bulk 

polycrystalline using the Origin software. The 

average crystallite size can be calculated from 

the Eq.2 which was found as (30.9154064) nm. 
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Similarly, the crystallite size of (Hg1-

xInxBa2Ca2Cu2.85La0.15O8+δ) was calculated 

when (X =0,0.1,0.15,0.2 and 0.25), and their 

values are presented in the Table 2. 

0 50 100 150 200 250 300
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0.88

0.90

0.92

0.94

0.96

0.98

1.00

c
o
s
θ

1/β

               x=0.05
Hg0.95In0.05Ba2Ca2Cu2.85La0.15O8+δ

Figure 2: Graph of cosθ as a function of 1/ßhkl 

for (Hg0.95In0.05Ba2Ca2Cu2.85La0.15O8+δ) bulk 

polycrystalline presented to Scherrer crystallite 

size. 

 

The crystal volume was also calculated 

using the Modified Scherrer equation, which is 

calculated by taking (Ln) to both sides of Eq.3, 

so we get the following equation[16]: 

  ( )    (
 

    
)    (

  

 
)       

This equation represents a straight-line 

equation between   ( ) on a Y-axis 

and   (
 

    
)  on an X-axis using the Origin 

software, then 

            (
  

 
)        

  

 (         
    

 From Fig. 3 and Eq.4 the crystallite 

size(D) can be calculated, where the 

corresponding  values are shown in Table 2. 

 

Figure 3: Graph of   ( ) as a function of 

  (
 

    
)for(Hg0.95In0.05Ba2Ca2Cu2.85La0.15O8+δ)

bulk polycrystalline presented to The Modified 

Scherrer crystallite size. 

3.2 Williamson-Hall (W-H) method 

This is a way to determine the crystallite 

size and strain of crystals. The size causes the 

physical line broadening of the XRD peak. 

 Peak widening is only taken into account 

by the  (W-H) system as a function of a  

diffraction angle (2θ). This is thought to have 

been a combination of size- and strain-induced 

widening. 

  Consequently, the total broadening 

resulting from size and strain at a certain peak 

with the hkl value may be represented as 

follows: 

     (    )     (    )            

The peak broadening caused by strain may 

be demonstarted as 

(    )                     

Where ƹ (slop) represents the strain [15, 17, 18]. 

     
  

      
                 

When rearranging Eq.8 we get: 

          
  

  
              

Which represents straight line equation 

between          on a Y-axis and         on 

an X-axis using the Origin software, then 
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          (
  

 
)          

  

         
     

From Fig.4 and Eq.9 can be calculated 

crystallite size(D), that values are shown in 

Table2. 

 

Figure 4: Graph of           as a function 

of       for 

(Hg0.95In0.05Ba2Ca2Cu2.85La0.15O8+δ) bulk 

polycrystalline presented to Williamson-Hall 

method. 

3.3 The Size-strain plot  (SSP) method 

The (SSP) approach provides better 

isotropic expansion performance because it 

focuses on low angle reflections, where the 

resolution is higher than at higher angles. This 

is because the peaks in the XRD data at low 

angles usually overlap due to overlapping 

phases. Consequently, The (SSP) method, 

which examines peak profiles, ignores the 

lattice microstructures and only considers how 

crystalline size affects XRD peak broadening. 

The following formula is used to do SSP 

measurement[14, 19, 20]: 

[                ]  

  
  

 
 [     

            ]

 
  

 
        

Which represents straight line equation 

between[                ]  on a Y-axis and  

[     
            ]  on an X-axis using 

the Origin software, then 

          
  

 
              

 √                   

 

       (
  

 
)              

  

     
      

From Fig.5 and Eq.12 crystalline size(D) 

can be calculated, where it values are presented 

in Table 2. 

 

Figure 5: Graph of [                ]   

as a function of [     
            ]for 

(Hg0.95In0.05Ba2Ca2Cu2.85La0.15O8+δ) bulk 

polycrystalline presented to Size-strain plot  

(SSP). 

 3.4 Halder-Wagner Langford method 

 The advantage of using this strategy is that 

peaks in the low-frequency range are focused 

on, the deviation peaks overlapping with the 

much lower, mid-angle regions, Peak 

broadening is considered to be a symmetrical 

Voigt function in the (HW) method. 

The connection between crystallite size and 

lattice strain is now provided by the Halder-

Wagner process and is as follows[20-22]: 

(
    

    
)
 

 
 

 
(
    

    
 )  (

 

 
)
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  The aforementioned equation is a straight-

line equation, hence we will now create a graph 

of(
    

    
 )vs. (

    

    
)
 

, as shown in Fig.6, where 

(
    

    
 ) on the X- axis and(

    

    
)
 

 on the Y-axis. 

This straight line's slope provides the value of 

(1/crystallite size) among them, we find the (D) 

shown in Table 2 and the Intercept represent 

(
 

 
)
 

  From this, we can find the strain (ƹ)which 

is shown in Table 3. 

 

Figure 6: Graph of (
    

    
 ) a function of (

    

    
)
 

 

for (Hg0.95In0.05Ba2Ca2Cu2.85La0.15O8+δ) bulk 

polycrystalline presented to Halder-Wagner 

Langford method. 

3.5 The degree of Crystallinity 

Typically, crystallinity is expressed as a 

percentage of the volume of the crystalline 

substance. However, even among perfectly 

crystalline materials, the level of structural 

perfection can vary. The following equation 

may be used to calculate the crystallinity using 

X-ray crystallography[14, 15]: 

             

 
                         

                (                    )

            

The findings that shown in Table 2 were 

obtained using the aforementioned equation. An 

illustration of the link between crystallinity 

levels and indium concentration is shown in 

Fig7. It should be noticed that when the indium 

concentration increased, the crystallization 

values changed. 

 

Figure 7: Degree of Crystallinity as a 

function of In concentration for (Hg1-

xInxBa2Ca2Cu2.85La0.15O8+δ) bulk  

polycrystalline samples. 

4. Conclusion 

We have investigated the impact of the 

synchronic substitution at the Hg site in the 

HgO layer, which lacks oxygen of (Hg1-

xInxBa2Ca2Cu2.85La0.15O8+δ) cuprate 

superconductor which has been prepared under 

optimum conditions. In comparison to samples 

without any In content, (XRD) examination 

revealed a pseudo-tetragonal structure with an 

increase in the c-axis lattice constant. As-grown 

samples' transition temperatures are discovered 

to be sensitive to In concentrations. 

where the optimal value ( Tc=132.6 k) 

occurs when focus (x = 0.05) coincides with the 

network constant's maximum value (c=16.065). 

The degree of Crystallinity calculations further 

demonstrates that the best ratio (63.51%) was at 

a concentration (x = 0.05), confirming that is 

the optimum substitution ratio in comparison to 

the other substituents.  

The (W-H) system only considers peak 

widening as a function of a diffraction angle 

(2θ), which is anticipated to have been a mix of 
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size-induced broadening and strain-induced 

broadening. 

  As opposed to this, the (SSP) approach, 

which analyzes peak profiles, simply takes into 

account the impact of crystalline size on XRD 

peak broadening and says nothing about the 

lattice microstructures. In the (HW) approach, 

peak broadening is thought to be a symmetrical 

Voigt function.  
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