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1 Introduction

Within the frame of the kinematical scattering theory the intensity 

distribution of a defect free large crystal is similar to a  function, i.e. 

its breadth is zero but its integrated intensity is finite as shown in the 

powder-power-theorem of Warren in the equations 13.19 to 13.22 in 

Warren [1969]. When (i) the scattering crystal becomes smaller than 

about a μm or when it contains (ii) dislocations, (iii) planar defects, 

(iv) chemical inhomogeneities, (v) lattice strains or other types of lat-

tice  defects  the  diffraction  peaks  broaden.  The  intensity  scattered 

around a fundamental Bragg reflection in reciprocal space given by 

the diffraction vector,  is three-dimensional. Analysis of the broad-

ened reflections can provide valuable information on the microstruc-

ture of the crystalline materials. Traditional diffraction methods are 

focusing either  on the radial  or the tangential  components  of the 

peak intensity distribution, that are commonly called line profile and 

rocking curve, respectively. Examples for the former are powder dif-

fraction and single crystal line profile analysis, for the latter are Laue 

diffraction,  single  crystal  rocking-curve  analysis  and texture  mea-

surement. In the recent decades, however, high brilliance synchrotron 

X-ray sources made possible to develop techniques for three dimen-

sional  mapping  of  the  reciprocal  space  [Chung  &  Ice  1999; 
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Lauridsen et al. 2001; Jakobsen et al. 2006; Levine et al. 2006]. Al-

though the technical conditions are now given to measure diffraction 

peak broadening and shape in three dimensions, the commonly ap-

plied  models  are  still  relying  either  only  the  radial  [Warren  & 

Averbach  1952;  Williamson  & Hall  1953;  Wilkens  1970;  Groma 

1998] or  only  the  tangential  [Wilkens  et  al.  1987;  Barabash  & 

Klimanek 1999; Barabash et al. 2003] intensity distributions.

One of the objects of the thesis is to find a unified description of the 

three dimensional diffraction peak broadening including line profiles 

and rocking-curves in order to facilitate the development of three di-

mensional peak profile models. The other main object of the thesis is 

to take part in the development of a new three dimensional X-ray dif-

fraction method enabling the grain-by-grain assessment of disloca-

tion densities and dislocation types in bulk polycrystalline materials. 

Further object of the thesis is to obtain valuable, previously experi-

mentally unavailable  data on the dislocation structure of plastically 

deformed polycrystalline materials and the operating slip systems by 

applying the newly developed method.

2 Applied methods

For  the  mathematical  description  of  three  dimensional  diffraction 

peak profiles, theoretical investigation was applied. Existing diffrac-
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tion based experimental methods and the related physical models of 

line profiles and rocking-curves were reviewed in the literature.  A 

new  polar-decomposition  based  description  was  proposed,  that  is 

compatible with both the former local rotation based rocking-curve 

and the mean square strain based line-profile models.

Diffraction experiments were carried out at the 1-ID beamline of the 

Advanced Photon Source  (APS) synchrotron  of  Argonne National 

Laboratory,  Argonne,  Illinois.  Computer  programs  of  the  FABLE 

software package [Sørensen Henning et al. 2011]  were used for dif-

fraction peak identification and grain indexation. Computer program 

was developed for peak profile integration.  CMWP  [Ribárik et  al. 

2001; 2004] software was applied to determine the unscaled mea-

sured dislocation contrast factors, i.e. the diffraction vector depen-

dent  anizotropic  broadening  of  the  diffraction  peaks.  Geometrical 

part of the dislocation broadening contrast factor was investigated in 

order to determine the free parameters describing the direction de-

pendence of the broadening contrast of an arbitrary dislocation con-

figuration. A Monte-Carlo type algorithm was developed and imple-

mented to determine the dislocation structure of the grains based on 

the  measured  dislocation  broadening contrasts  of  reflections.  Pole 

figures, inverse pole figures and Schmid factor analysis were applied 

to  study  the  orientation  dependence  of  the  measured  dislocation 

types. Three dimensional misorientation distributions were calculated 

3



to identify twinning is magnesium.

3 Results

I. Unified mathematical description of line profiles and rocking 

curves was constructed based on the polar decomposition of nonlocal 

strain tensor into a rotation and a stretching part [Zilahi et al. 2015]. 

It was shown through experimental examples that the rotation part 

need  not  be  infinitesimal.  The  infinitesimal  decomposition  of  the 

strain tensor into symmetrical and antisymmetrical components fails 

to account for the non-infinitesimal rotations of subgrains in plasti-

cally deformed crystals. It was shown that the rocking-curve broad-

ening is produced by both rigid-body rotations and the shear compo-

nents of strain. In dislocated crystals, however, the major contribu-

tion stems from rigid-body rotations.

II. X-ray diffraction technique was developed for grain-by-grain 

assessment of dislocation density within polycrystals  [Ungár et  al. 

2014]. The technique can discriminate between the dislocation densi-

ties  of  different   Burgers  vector  types  and  dislocation  characters 

(edge or screw) because the dislocation density, Burgers vector and 

line  direction  enter  into  the  determination  of  -dependent  line 

broadening directly.  The single-grain-based approach is free of as-

sumptions inherent in previously published line-broadening studies 
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based upon powder diffraction. Data which was formerly relegated to 

the transmission electron microscope is  now available  from X-ray 

diffraction. This is useful for the assessment of deformation mecha-

nism activity within plastically anisotropic materials, such as CsCl 

structured ordered alloys or non-cubic metals.

III. It was shown, that the direction dependence of the dislocation 

line broadening contrast of any dislocation configuration can be de-

scribed by 15 parameters, that are the coefficients for the 15 indepen-

dent combinations of the   direction cosines. These   direction 

cosines are calculated in the  orthonormal coordinate system fixed 

with respect to the crystal lattice [Zilahi et al. 2017a]. An important 

consequence of this finding is that if more than 15 different disloca-

tion types are present in the diffracting volume of a single grain, then 

it is not possible to unequivocally determine the dislocation configu-

ration based on the measured dislocation broadening contrast factors.

IV. A new Monte-Carlo type fitting algorithm was developed for 

determining the dislocation configuration best describing the mea-

sured dislocation broadening contrasts  [Ungár et al. 2014]. It essen-

tially solves a set of linear equations, but it makes use of extra condi-

tions stemming from the physical properties of the dislocation struc-

ture: (i) The solution has to be non-negative for all dislocation types 

and (ii) although the total number of possible dislocations types is 

5



fairly large, during the plastic deformation of a grain, usually only a 

few slip systems are active, therefore, only a few different types of 

dislocations are generated and remain present in the grain after plas-

tic deformation. The method was verified on a simulated data set. It 

was able to reproduce about 90% of the simulated dislocation types 

with reasonable accuracy,  when 5 different  dislocation types  were 

present in each single grains of the simulated data set and about 3% 

to 5% random noise were added to the simulated contrast factors as 

experimental errors.

V. The newly developed  method  was  applied  to  plastically  de-

formed polycrystalline CoTi and CoZr B2 structured intermetallic al-

loys  [Ungár et al. 2014]. Over 150 grains were analyzed within the 

two samples examined. It was concluded that plastic deformation in 

CoTi and CoZr with the B2 structure is caused by the combined acti-

vation  of  Soft-M  ( )  and  Hard-M  (  and 

)  dislocations,  in  agreement  with  former  TEM observa-

tions of a small number of grains. The results provide a satisfactory 

explanation for the moderate ductility exhibited by these two CsCl-

structured  ordered  intermetallic  compounds.  The  level  of  ductility 

exhibited by these compounds was previously considered anomalous, 

based upon an understanding of the available deformation mecha-

nisms developed from single crystal experiments.
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VI. The newly developed  method  was  applied  to  plastically  de-

formed  polycrystalline  Mg  AZ31  alloy  specimens  [Zilahi  et  al. 

2017b]. Sample textures were analyzed based on the measured grain 

orientations and volume fractions. Parent-twin relations were deter-

mined based on the three dimensional misorientation distribution of 

the grains. Slip system types were analyzed in connection with the 

grain orientations on the inverse pole figures and the parent-twin re-

lationships  of  the  grains.  The  analysis  revealed  substantial  differ-

ences between the dislocation structure of the parent and the twin 

crystals. Within the twin pairs of the ND-C specimen, total disloca-

tion density is lower in the “center” grain of the pair, which has   

axis closer to ND. Prismatic dislocation density is typically larger in 

“center”, while pyramidal a  and pyramidal c+a /A in the “periph⟨ ⟩ ⟨ ⟩ -

ery” grains. Similar relations can be found in RD-C specimen, but 

with less statistical significance due to the smaller number of identi-

fied twin pairs.
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