
MEAN CRYSTALLITE SIZE, SIZE DISTRIBUTION AND 
ROOT MEAN SQUARE RESIDUAL MICROSTRAIN 

MEASUREMENT FROM X-RAY LINE BROADENING
Modern X-ray tehniques, metods and limits 

M. Dănilă
e-mail: mihaid@imt.ro

National Institute for R&D in Microtechnologies, P.O.Box 38-160, Bucharest, Romania, 
http://www.imt.ro, 

One of the simplest available ways of producing nano-structured materials (i.e. nano-powders) is the milling (grinding) technique. However, producing nano-powders with a crystallite 
size down to ten nanometers is a very daunting task. In this application-oriented study, we have investigated the structural changes of commercially available ZnSe powders induced by 
the milling process. Those changes were revealed by the wide angle X-ray diffraction technique using the X-ray line broadening ('direct', Stokes Fourier method, Hall-Williamson and 
Warren-Averbach method). We found that the initial powder had a crystallite size D ~ 90nm (Scherrer equation) and a micro-strain ε = Δd/d ~ 10 -5. After 40 hours of grinding the ZnSe 
powder had a crystallite size D of 12-14 nm and ε ~3.9 10 -3 . The nanopowders obtained by the grinding technique can thus be used in photonic and opto-electrical applications.

The initial powder was found to be the FCC ZnSe cubic phase (stileitte), fully 
crystalline with no strain. The initial powder had a very low content (<1%) of 
ZnO (zincitte). The X-ray spectra of the initial powder (t=0h) was used as 
reference to produce measures of line broadening of the milled samples. Mean 
crystallite size D, size distribution and r.m.s. residual strain ε were computed 
from them. The milling was carried in a centrifugal ball mill, Retsch S100, with 
20mm diameter agatha balls for 2.5, 3.5, 5, 7.5, 10, 20 and 40 h. The X ray 
spectra were recorded by the wide-angle X-ray diffraction method (θ-2θ
coupling, λ CuKα, fig. 1-2). The diffraction lines were deconvolved for 
overlapping, instrumental broadening and microstructure of the samples using the 
Lorentz, Gauss and Pearson VII fitting functions. The unfolded pattern is used 
then to perform the classical plotting methods (fig.3) [2]. The full width at half 
maximum β1/2 was chosen as the measure for the X-ray line broadening.
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Experimental

The X-ray spectra were processed using the program CRYSIZ, developed at the 
Oak Ridge National Laboratory, USA (Hall-Williamson analysis, Stokes Fourier 
coefficient method and Warren-Averbach analysis- fig.4,5) [4] . 
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Fig. 1. X-ray spectrae (t = 0h, t = 40h) Fig. 2. Detail of  fig.1 : (331) peak

Fig.3.Hall-Williamson Cauchy-Gauss 
plot using FWHM (Gauss fit)
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Fig.4. Warren-Averbach size coefficient  
all lines (Cauchy-Gauss, Gauss fit)
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Fig.5. Warren-Averbach strain 
distribution (Cauchy-Gauss, Gauss fit)
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Fig.6.Warren-Averbach size values
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Fig.10. Strain evolution (WA2)

Fig.8. Strain evolution (Lorentz fit)
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The results of this work (derived from 
Hall Williamson method - fig.1 and 
Warren-Averbach method - fig,3,4) are 
presented in tables 1,2. Strain values are 
stable, less sensitive to the 
deconvolution model (fig.6 to 10). The 
Warren-Averbach method produces size 
and strain values smaller than those 
predicted by the plotting methods. After 
40 h of milling some amorphous  ZnSe 
phase develops, together with a 
reduction of  the  crystallite  size D to  a

nanometer scale and an increase of the microstrain (D=12nm, ε = 6 10-3 ). It is 
interesting to note that ZnO crystallites keep a constant size value of 12~14nm. 

Fig.7. Hall-Williamson size values

Fig.9. Strain evolution (H-W)
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