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In this current thesis I have worked out the qualitative and quantitative method for 

characterizing stacking faults and twin boundaries using X-ray line profile analysis.  

 

 

 

New scientific results 

 

1. I have worked out a general theory for the description of line broadening caused by twin 

boundaries. I have shown the applicability of the theory in the case of partial-, and non-

merohedral twinning too. It is important to note that the different merohedry results in a 

different behavior of the crystal in crystallographic view [Balogh et. al., 2009(S)]. 

 

2. In order to describe twinning I have worked out the two-lamella model. Using this model I 

have derived, that the general profile function for twinning is always the sum of a 

symmetrical and antisymmetrical Lorentzian function, as seen in the expression below: 

 

   

 

where xo is the position of the given reflection, A and B are constants which value depends 

on the hkl indices, the lattice constants and on the type of the twinning system.  

In case of planar faulting, the broadening of reciprocal lattice points happens only in the 

perpendicular direction to the plane of the fault. This phenomenon is called streaking. In 

order to adjust the calculations to this type of behavior, I have implemented coordinate 

systems in which two coordinates, ax és ay, are in the faulted plane and the third 

coordinate, az, is the shortest lattice vector not parallel to the other two. the unit cell of this 

coordinate system has the same volume as the Bravais cell of the crystal. In case of  fcc 

planar faults on the 111 planes, this new coordinate system is hexagonal, in case of the 

pyramidal twinning of hcp the new coordinate system is a triclinic cell. I denote with L’ 

the variable along the bl reciprocal vector of these coordinate systems. The bl vector is 

perpendicular to the planar fault planes [Balogh et. al., 2009(S)]. 

 

3. I have shown that the effect of broadening caused by twinning, the value of B, if the 

streaks are interpreted in the newly implemented coordinate systems, is given by a well 



defined explicit mathematical function as a function of twin boundary frequency and it is 

independent of hkl and lattice parameters. The expression below gives the value of B if the 

intensity distribution of the streaks is expressed as a function of L’: 

4.  

  ,   ahol Dtri = 5.775, miközben 1  . 

 

This means, that the broadening of the streaks depends only on the planar fault frequency. 

The tri index in the above expression symbolizes the fact, that this behavior is true only as 

a function of  L’ in the triclinic coordinate systems described above. For the calculation of 

the numerical value of Dtri I have used the DIFFaX software [Balogh et. al., 2009(S)]. 

 

5. I have derived the function g(L’), which is different for each twinning system. The value 

of g is g=2sinθ/λ. I have shown, that in the least favorable case, the g(L’) function is linear 

with good approximation around a streak. This behavior of g(L’) ensures, that the profile 

function shown in paragraph 2 is valid for the intensity distribution of streaks as a function 

of g too. [Balogh et. al., 2009(S)]. 

 

6. The intensity distribution along a streak considered as a function of the diffraction vector 

length, g, is called a sub-profile. The breadths of the sub-profiles depend on the indices of 

the sub-reflections, on the lattice parameter values, on the type of twinning planes and on 

the twin boundary frequency. The hkl dependence of strain anisotropy or twinning caused 

broadening are fundamentally different. This makes it possible that microstrain and 

twinning can be determined simultaneously from the same diffraction pattern. Here 

microstrain contains the information about dislocation densities and active slip systems. 

The hkl dependence of size and twin broadening are fundamentally different too [Balogh 

et. al., 2006(S); Balogh et. al., 2009(S)]. 

 

7. I have determined that the general profile function for stacking faults is a symmetrical 

Lorentzian function and the breadths, FWHM, and shifts, Φ, of the streaks are given by a 

well defined explicit mathematical function as a function of stacking fault frequency: 

 

              , 

 



   , 

 

where s is the stacking vector of the planar fault, q is the reciprocal coordinate of the 

given streak and α is the stacking fault density [Balogh et. al., 2009(S)].  

 

8. I have worked out a numerical method in order to implement the effects of planar faults 

into the convolutional multiple whole profile (CMWP) method [Balogh et. al., 2006(S)]. I 

have applied the extended evaluation method, eCMWP, to characterize together with 

determination of size and strain the planar faulting in various fcc and hcp samples. For the 

purpose of numerical evaluation of whole diffraction patterns the functions describing the 

breadth, shift and asymmetry are given by a fifth order polynomial of the planar fault 

density, which provides a general solution for the evaluation in the eCMWP procedure 

[Balogh et. al., 2006(S); Balogh et. al., 2009(S)]. 

 

9. I have applied and tested the eCMWP procedure extended here for hexagonal materials 

twinned on pyramidal planes on deformed Mg and Ti specimens. 

9.1. I have applied the extended software, eCMWP, to inert gas condensed 

nanocrystalline, and submicron grain size copper specimens, latter produced by the 

method of ECAP. I have found that twinning becomes essential below a critical 

crystallite or subgrain size, of about 40 nm in good correlation with TEM 

observations and numerical calculations. The dislocation type is found to be average 

between screw and edge character for the ECAP deformed submicron grain size, 

whereas closer to edge character in the case of the inert gas condensed specimens 

[Balogh et. al., 2006(S)]. 

9.2. I have found in submicron graine sized Cu-Zn alloys, that dislocation density and 

twin boundary frequency increases as a function of Zn content if the same plastic 

deformation is applied [Balogh et. al., 2008a(S); Ungár et. al., 2008a(S)]. 

9.3. I have shown that in nanocrystalline SiC and in SiC-diamond nanocomposite the 

amount of twin boundaries and dislocations decreases considerably as a function of 

sintering temperature [Gubicza et. al., 2007(S); Balogh et. al., 2008(S)]. 

9.4. I have shown, that in a hot rolled CP-Ti sample {10.2} and {11.2} twinning is 

activated next to the dislocation deformation mechanism [Ungár et. al., 2008(S); 

Balogh et. al., 2009(S)]. 



9.5. I have shown, that in a compressed high purity Ti sample {10.1}, {11.2} compressive 

twinning systems are activated as plastic deformation mechanism together with the 

dislocation mechanism [Balogh et. al., 2009(S)]. 

9.6. I have shown that in deformed Mg {11.1} twin boundaries are formed [Balogh et. al., 

2009(S)]. 
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