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Abstract 

      The Variation of crystallite size and strain of calcium oxide powder with the carbonate 

temperature of calcium carbonate is studied applying Scherrer analysis method for (111),(200) 

and (220) reflections . 

The results show that size of the crystalline increases and strain decreases with increasing the 

rang 1100 °C to 1200°C, but the changes are dependent on the crystallographic direction. 

 

  ي التحلیلفیرر شین المقاس الحبیبي واالنفعال باستعمال طریقة بالفصل 

  
  ھالل حربيخالد 

 غدادبیاء، كلیة التربیة ابن الھیثم، جامعة زقسم الفی

 

  الخالصة

طریقة  الكالسیوم بتطبیق اتربوناطریقة حرق كبالحبیبة واالنفعال لمسحوق اوكسید الكالسیوم المحضر  قاستم دراسة م

  ).220) و(200)،(111شیرر لخطوط االنعكاس ( تحلیل

 اس للحبیبة ویقل االنفعال ولكنقالم یزداد l200 °Cالى  C° 1100بزیادة درجة حرارة الحرق من  ھواظھرت النتائج ان

   .ھاتاالتجاد على تلك عتمی التغبیر
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Introduction 

      Though the Scherrer method or half maximum breadth method is a frequent measure of 

mathematical distributions, its use has been limited in the field of X-ray diffraction. The 

applicability of this method to the analysis of the line broadening of Scherrer powder pattern 

peaks has been clearly demonstrated by Wilson [1] and developed by Klug and Alexander [2]. 

      The oxide Mo, where M=Ca,Sr,Ba,….,etc are best obtained by calcinating . The carbonates, 

dehydration of the hydroxide at red heat offers an altimate route [3, 4]. CaO is produced on an 

enormous scale in many countries. Its major end is used as a flux in steel manufacture, in the 

production of Ca chemicals, in the treatment of municiptl water supplies, in industrial wasts, in 

paper industry and in non-ferrous metal production[5]. It is very well know that the chemical 

reactivity of solids is strongly dependent on both crystallite size and construction of strains. 

These two facts explain the importance of the mechanical treatments of the materials in 

chemical technology in order to enhance the reactivity of solid. Thus , it has been report[6]that 

is possible to carryout, by grinding at room temperature, solid state reactions which to occur 

would ordinarily require much higher temperature. 

      Also the study of solid state reaction mechanism is usually approached either through 

kinetic investigations [7-9].  

      This paper present for the first time , according to our knowledge the effect of calcinations 

temperature on the crystallite size and crystal distortion (strain) in CaO powder derived from 

the thermal decomposition of  powder for 30 minutes. The calcinations temperature is 

ranged from 1100°C to 1200°C. 

Scherrer Analysis of Line β breadth 

      The first treatment of crystallite size broadening was due to Scherrer who investigated the 

case of crystals of regular cubic. The angular breadth (β) at half maximum intensity of a 

diffraction line produced by the powder method is given by [10]  

= /     ………..(1) 
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      Where L is the crystallite size,  is the wave length of the radiation,  is the corrected 

breadth (in radians), and  is the Bragg angle,  is the Scherrer constant whose value 0.94 [11]. 

This constant depends on the definition of breadth  [12]. 

Also the Scherrer constant depends on the crystal shape and the diffraction line indices, and in 

all cases to be not for from unity. 

       In a distorted crystal the interplaner spacing d will not be constant throughout and different 

parts of the crystal will reflect at different angles. The broadening of the lines in the powder 

pattern of in aggregate of such distorted crystals may be estimated from Bragg equation.  

If the maximum strain in the crystal is  the spacing will vary from (1 + ) to (1 − ) , and θ 

will vary in a range numerically equal to 2   . Since the deviation of the rays is 2  , the 

range of angle over which the reflexion is appreciable will be [13]doubled: 

 

=      …………………(2) 

 

Where  the crystal distortion (strain). 

      To find the correct crystallite size, correction for instrumental factor has to be applied on 

the breadth of the diffraction line. A number of methods have been proposed, some assume the 

shape of the line, while others donot. 

      The two most commonly assumed line shapes are the Cauchy and Gaussian functions. For 

Cauchy profile, originally made by Scherrer in his original analysis of crystallite size effects, 

the correct crystallite size breadth is given by [14]: 

 

instrmeas                   …………..............(3) 
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      Where  is the half width of the experimentally measured breadth and  is the half 

width of the instrumental breadth. 

 

For Gaussian profile, which is more correctly represent the actual reflection profile and 

instrumental profile, and the relation for the correct size as [12]: 

 

= β − β                …………………. (4) 

 

      The relationship is holding for both – maximum and integral breadth. Since the actual 

profiles are never pure Gaussian or pure Cauchy [15]. These simple formulae have only limited 

practical value. 

Since in the present case the full width at half the maximum, > 1 ,the Gaussian assumption 

seems to be valid Decouvolution was accomplished with the relation [4]. 

 

Results and Discussion 

      Broadening of an X-ray diffraction profile is normally caused by small crystallite size, non-

uniform strain within the crystallites and faulting on certain crystal planes.  

The peak breadth of broadened line can be expressed interms of the crystallite size, hence 

measurement of the peak breadth gives method for determining crystallite size. An additional 

broadening termed "instrumental "arising from effects such as slit widths and wavelength 

widths must be corrected for in order obtain the correct size. 

      Figure (1) show X-ray diffraction spectra for CaO powder at 1100°C to 1150°C and 1200°C 

[16]. Table (1)shows the half width  for line profiles and   for corrections line profile 

with calcinations temperature for three reflections (111),( 200), and 220 the half width 

decreases with temperatures increases from 1100°C to 1200°C . The crystallite size at different 

temperatures was determined from equation (1). The strain values are obtained from equation 
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(2) and listed an lsion Table (2). It is apparent that the temperature of calcinations has a 

significant effect on the half width specially above 1100°C when the conversion is at its 

beginning .the values of  for curves (111),(200),and (220) reflections in CaO obtained at 

1100°C to 1150°C and 1200°C look different. This means that there is an amount of distortion 

in directions perpendicular to the (111),(200),and (220) planes. This indicates the anisotropic 

of the crystallites in there directions. Moreover as the temperature of calcinations increases 

from 1100°C to 1200°C , the crystallite size increases progressively for the above reflections 

simultaneously and the broadening between the of (111) and other reflections becomes smaller 

which leads to larger crystallite size (94.677 nm). The results in this table (2) show that as 

temperature increases the crystallite size perpendicular to (111),(200), and (220) planes 

increases when as, inverse behavior it observed for strains. The above behavior could be 

understood by assuming that the particles of the powder samples are formed by small crystallite 

welded in a mosaic structure and that the corresponding grain boundaries constitute the main 

contribution to the particle the lower the size of the crystallite. 

 

Conclusion 

1- The crystallites are highly an isotropic in nature and this an isotropic cannot be removed until 

temperature of 1200°C is reached 

2- Temperature has a prominent effect on the size of the crystallites and the strain of sample 

3- There is a considerable amount of distortion in directions perpendicular to the (111), (200) 

and (220) plans. This indicates the an isotropic nature of crystallites in these diractions. 

4- However, increases in strain can explain this broadening of the profile. 
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Figure (1): X-ray diffraction spectra for CaO powder at 1100°C to 1150°C and 1200°C 
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Table (1) Experimental measured breadth and crystallite breadth for CaO obtained at 

1100°C to 1150°C and 1200°C for (111), (200), and ( 220) planes 

Reflection Temperature(°C) × 10  (rad) × 10  (rad)  

111 1100 3.962 3.107 

 1150 3.141 2.027 

 1200 2.879 1.591 

200 1100 3.455 2.486 

 1150 2.879 1.591 

 1200 2.617 1.045 

220 1100 3.402 2.412 

 1150 2.792 1.428 

 1200 2.530 0.803 

 

Table (2) Crystallite size and strain for CaO for three planes at different temperatures. 

Reflection Temperature(°C) Crystallite size(nm) Strain × 10  
111 1100 48.481 2.699 

 1150 74.312 1.761 

 1200 94.677 1.382 

200 1100 61.457 1.841 

 1150 96.029 1.178 

 1200 146.203 0.774 

220 1100 67.268 1.191 

 1150 113.621 0.705 

 1200 202.057 0.396 
 

 



 
 
 

The Separation Particle Size and Strain by the 

Scherrer Analysis Method 

K.H.Harbbi 

 

  
 

210Vol: 8 No: 2, April 2012 ISSN: 2222-8373  

References 

1. Wilson, A.J.C. (1963). Mathematical theory of X-ray powder diffractometry. 
Eindhoven;Phillips. pp 91-94. 

2. Klug, H.P. and Alexander,L.E. (1974). X-ray Diffraction Procedures for Polycrystal Line 
and Amorphous Materials. 2nd, John Wiely&Sons, Inc. pp 687-692. 

3. Everest,D.A.(1973). Comprehensive inorganic chemistry, Pergman Press, Oxford; 1:531-
590. 

4. Goodenough, R.D and Stenger,V.A.(1973). Magnisium calcium, Stontium, Barium and 
Radium; 1:591-604. 

5. Green Wood,N.N. and Earnshaw, A.(1998). Chemistry of the Elements, University of 
leeds, U.K; second Edition, pp 119-121. 

6. Harbbi,K.H.(2007). Thermo gravimetric Method for Accurate Determination of 
Thermodynamic Quantities at High Temperatures , Ibn-Al-Haitham, J. for Pure and 
Applied,Sci; 20:38-45. 

7. Ray,S.(1982). The Kinetic Compensation Effect in the Decomposition of Calcium 
Carbonate, J.Ther.Anal;24:35-41. 

8. Barrgia,C. etal.(1986). Changes in the Vaterite-Calcite Transformation with Temperature 
and Sample Crystallinity, J.M.Sc;21:947-952. 

9. Harbbi,K.H.(2005). The Differential Thermal Analysis For Locally Producted Of Calcium 
Carboniteas a Raw Material, Ibn-Al-Haitham, J. for Pure and Applied,Sci; 18:63-70. 

10. Shull,C.G.(1946). The Determination of X-ray Diffraction Line Widths . No 70:679-684. 
11. Fievet,F. etal.(1979). Lattice Parameter, Micro strains and Non-Stoichiometry in NiO, 

Comparsion between Mosaic Microcrystal, J. Appl.cryst.No12:387-394. 
12. Delhes,R. etal .(1982). Determintion of Crystallite Size and Lattice Distortions Through 

X-ray Diffraction Line Profile Analysis, Fresenine Z Anal Chem. No 312:1-16. 
13. Wilson,A.J.C.(1962). X-ray optics, London, Methnen and Coltd. New York, John 

Wiely&Sons, Inc. pp 1-5. 
14. Achaya,B.S. and Pradhan,L.D.(1986). Determination of Crystallite Size and Strain in 

Manganese Dioxide An X-ray Diffraction Study, J.Appl.Cryst:19:214-216. 
15. Lsngford,J.(1978).A Rapid Method for Analysis the Breadths of Diffraction and Spectral 

Lines using the Voigt- Function, J.Appl.Cryst; 11:10-14. 
16. Harbbi , K.H(2006). Studing the connection between particles size and lattice distribution 

, Ibn-Al-Haitham, j. for pure and applied ,Sci;19:41-47. 
 
 


