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1 Introduction

Most of the physical properties of crystalline materials amdamentally deter-
mined by the microstructure. Electron microscopy is onénefrhost straightfor-
ward methods for the characterization of microstructuses;e we get a visual
picture of the different components and types of latticéuiess. The most impor-
tant fundamental microstructural properties are the tgpeasity and distribution
of crystal defects and the grain or crystallite structure:a¥( line profile analysis
(XLPA) is one of the most important and powerful alternatnmethods besides
electron microscopy for the characterization of micrastnees. This method
gives information about the following basic microstruetiproperties: (i) the size
and distribution of crystallites, (ii) the shape anisotrag crystallites, (iii) the
density, character and distribution of dislocations amyitfie density and type of
stacking faults and twin boundaries. Since electron meopg and XLPA are two
fundamentally different methods it is evident that theyegifferent kind of infor-
mation about the various aspects of the microstructure. @tieese differences
is that while the micrographs provided by electron micrgscgive information
about domains of about a micrometer or even smaller in diemite method of
XLPA gives information about considerably larger volumethwliameters of mm
or even larger. It should be noted, however, that at the samee by using the
method of microdiffraction the size of the investigated @gamcan be diminished
down to the magnitude of micrometers.

The goal of the dissertation is double. On the one hand, netlhads of XLPA
are developed, which are based on the modelling of the pdiysioperties of the
different crystal defects. By comparing the so obtained ehdésed line pro-
files with the measured ones the methods give the microstalgiarameters of
the investigated materials. On the other hand, by applyiege methods the mi-
crostructural properties of several different materialg@ups of materials are
determined and these properties are examined as a funéseneral mechanical
or thermal treatments.



2 Applied methods

In accordance with the goals of the dissertation, the appliethods require (a)
theoretical considerations, (b) the application of moderd efficient numerical
methods and (c) the usage of high resolution laboratory gndhsotron X-ray

measurements. During the theoretical work, accordingeditérature, the previ-
ously used microstructural models have been explored. ppkcability of these

models in XLPA has been examined [S4, S6, S14]. By revealiagleficiencies
of the previous models, the theory has been further eladaraspecially if it was
necessary [S4, S5, S6, S8, S17].

The efficiency of the numerical methods depends basicalltherapplication of

as fast as possible numerical algorithms. For this reaserthboretical mod-
els have been further developed, e.g. the Fourier transtdrthe size profile

has been determined. The nonlinear least squares algdrabrfundamental sig-
nificance for the extraction of microstructural paramefess the experimental
measurements. For this purpose, the nonlinear Marquandtriberg algorithm of
the freely availablgnupl ot program package has been used [S4, S6, S14].
using high resolution laboratory and synchrotron measargsnand applying the
newly developed methods, the crystallite size and sizeiloliston and the several
parameters of the dislocation structure have been detedhfor several differ-

ent materials or groups of materials. These parametersidearecorrelated with
other physical properties of the investigated materials-22].

3 New scientific results

1. | have determined the size profile [S1] and the size Fotragrsform of
coherently scattering domains with spherical or ellipabatystallite shape
and lognormal size distribution [S4, S5, S6, S8]. The expoesof the
Fourier transform supports the fast numerical evaluation.

2. | elaborated the method for applying the strain profileXaPA based on
the Wilkens model of dislocations and the model of averagprast factors
[S4, S6, S14].

By



3. I developed two new methods by using the theoretical sidestrain profiles
for the extraction of microstructural parameters from X-n@easurements:

3a. by fitting simultaneously the whole Fourier transformmsnensity
profiles obtained by separation and instrumental decotieolu(the
method Multiple Whole Profile Fitting: MWP) [S4, S6], and

3b. by the convolutional fitting (with the inclusion of thestnumental ef-
fect) of the whole diffraction spectrum, (the method of Caltional
Multiple Whole Profile Fitting: CMWP) [S14].

4. | worked out a software package for the methods descritb&d which is
publicly available [S4, S6, S14] through the wéibt p: / / www. r enyi . hu/ mwp
andhtt p: // ww. renyi . hu/ crp.

5. By using the MWP method | have shown that:

5a. the dislocation density has the average value 8@ in severely
deformed Ti, which is in accordance with electron microsciopesti-
gations; and in this deformation stage mainly the slip systea> and
<c+a> are activated [S11, S12, S22],

5b. by applying ball milling and heat treatment of PbS (gajesamples,
a systematic set of samples has been produced and by englttsti
X-ray line profiles of these samples using the MWP method a ofap
microstrucure has been obtained. By comparing the microstal pa-
rameters of samples from ancient cosmetics fabricateciEglyptian
Kingdom 3500 b.c. with the parameters of the systematigaittpared
samples | have shown that only gentle crushing and no hedirieant
or heat treatment at a temperature of less thar’@0@as applied [S9]
for the fabrication of the archaelogical cosmetics.

6. By using the CMWP method | have shown that:

6a. in ball milled Al-Mg alloys the dislocation density asliras the aver-
age crystallite size shows a saturation after 2h of ballingland the



results obtained by the MWP and CMWP methods have been com-
pared [S13, S16, S14],

6b. in ball milled fluorides M, M=Ca,Ba,Cd,Sr) the presence of an X-
ray optical interference effect can be observed which isgepri-
marily if the average crystallite size of a larger portioncofstallites
is about 5-10 nm or smaller [S17]. The X-ray optical integfeze ef-
fect means that the first few reflection profiles becomes nar¢han
what would correspond to the domain size.

7. 1 have shown that if the method of XLPA is carried out cotlsgavhich
means that the experiments are done with a high enough angslau-
tion and that the evaluation is based on correct microstratiodels, then
good correlation is observed between TEM and XLPA pararectenr ex-
ample, in the case of nanocrystalli®gN, particles the size distribution
determined either by TEM or XLPA are in excellent agreemeintS1]. In
a large number of cases very good correlation was found leetwes mi-
crostructural parameters, especially the subgrain simbsie distribution,
the dislocation density and dislocation types determindgaeby TEM or
XLPA [S1-S22].

4 Conclusions

As the results of my work, a coherent set of methods has beesaged which is
suitable for the characterization of the microstructurenost different crystalline
materials, e.g. metals, alloys, ceramic materials, mis@nrgpolimers, in terms of
the size and size distribution of crystallites or graing, density, the distribution
and character of dislocations and the density and type obpldefects.



Own Publications

[S1] Gubicza, J., Szépvdlgyi, J., Mohai, I., Ribarik, G. amagar, T., The effect
of heat-treatment on the grain-size of nanodisperse plémaal silicon
nitride powder,J. of Materials Science, 35, 3711 (2000)

[S2] Gubicza, J., Ribarik, G., Bakonyi, . and Ungar, T., §allite-size distribu-
tion and dislocation stucture in nanocrystalline Hfdetermined by X-ray
diffraction profile analysisJ). Nanoscience & Nanotechnology, 1, 343-348,
(2001)

[S3] Gubicza, J., Ribarik, G., Goren-Muginstein, G. R., &gsA. R. and Ungar,
T., The density and the character of dislocations in cubit laexagonal
polycrystals determined by X-ray diffractioMat. Sci. and Eng. A, 309—
310, 60-63 (2001)

[S4] Ribarik, G., Ungar, T. and Gubicza, JAWP-fit: a program for multiple
whole-profile fitting of diffraction peak profiles by ab irottheoretical func-
tions,J. Appl. Cryst., 34, 669—-676 (2001)

[S5] Ungar, T., Gubicza, J., Ribarik, G., Microstructurecafbon blacks deter-
mined by X-ray diffraction profile analysi§arbon, 40, 929-937, (2001)

[S6] Ungar, T., Gubicza, J., Ribarik, G. and Borbély, A., Sallite size-
distribution and dislocation structure determined byrdition profile anal-
ysis: Principles and practical application to cubic anddg®nal crystals].
Appl. Cryst., 34, 298-310 (2001)

[S7] Ungar, T., Gubicza, J., Ribarik, G. and Hanak, P., iatmn structure
and crystallite size distribution in plastically deformetetals determined
by diffraction peak profile analysig, Eng. Mat. and Technology (ASME),
124, 2—6 (2002)

[S8] Ungar, T., Gubicza, J., Ribarik., G., Pantea, C. and@€F. W., Microstruc-
ture of carbon blacks determined by X-ray diffraction pefinalysisCar-
bon, 40, 929-937 (2002)



[S9] Ungar, T., Martinetto, P., Ribarik, G., Dooryhee, E.al¥r, Ph. and Anne,
M., Revealing the powdering methods of black makeup in Amdigypt by
fitting microstructure based Fourier coefficients to the \@h-ray diffrac-
tion profiles of galena]. Appl. Phys., 91, 2455-2465 (2002)

[S10] Borbély, A., Dragomir, I. C., Ribarik, G, Ungéar, T., @puter program
ANl ZC for the calculation of diffraction contrast factors of dishtions in
elastically anisotropic cubic, hexagonal and trigonastais,J. Appl. Cryst.,
36, 160162, (2003)

[S11] Gubicza, J., Dragomir, I. C., Ribarik, G., Baik, S. @hu, Y. T., Valiev,
R. Z. and Ungér, T., Dislocation structure and crystallitegistribution in
plastically deformed Ti determined by X-ray peak profile lggis, Z. Met-
allkunde, 94, 1185-1188 (2003)

[S12] Gubicza, J., Dragomir, I. C., Ribarik, G., Zhu, Y. Taldyv, R. Z. and
Ungar, T., Microstructure of severely deformed titaniuonfrX-ray diffrac-
tion profile analysisMat. Sci. Forum, 414—415229-234 (2003)

[S13] Gubicza, J., Kassem, M., Ribarik, G. and Ungar, T., &@naution of the
microstructure in mechanically alloyed Al-Mg studied byr&y diffraction,
Mat. Sci. Eng. A, A372, 115-122 (2004)

[S14] Ribarik, G., Gubicza, J. and Ungar, T., Correlatiotwaen strength and
microstructure of ball milled Al-Mg alloys determined byrédy diffraction,
Mat. Sci. Eng. A, A387—-389 343—-347 (2004)

[S15] Dragomir, I. C., Li, D. S., Castello-Branco, G. A., Gastani, H., Snyder,
R. L., Ribarik, G., Ungér, T., Evolution of dislocation dégsand character
in hot rolled titanium determined by X-ray diffractiolaterials Character-
ization, 55, 66—74 (2005)

[S16] Révész, A., Nagy, L., Ribarik, G., Kovacs, Zs., UndarLendvai, J., Mi-
crostructural evolution in mechanically alloyed nanotajl;e Al-20at.%
Mg alloy, J. of Metastable and Nanocrystalline Materials, 24-25 149-152
(2005)



[S17] Ribarik, G., Audebrand, N., Palancher, H., UngarLouér, D., Disloca-
tions and crystallite size distributions in ball-millednerystalline fluorides
MF, (M = Ca, Sr, Ba, Cd) determined by X-ray diffraction-linesfile anal-
ysis,J. Appl. Cryst., 38, 912-926, (2005)

[S18] Balogh, L., Ribarik, G. and Ungar, T., Stacking Faahs Twin Boundaries
in fcc Crystals Determined by X-ray Diffraction Profile Agals, J. Appl.
Phys., 100, 023512 (2006)

[S19] Dragomir, I. C., Li, D. S., Castello-Branco, G. A., Gastani, H., Snyder,
R. L., Ribéarik, G. and Ungar, T., Microstructure evolutionhot rolled tita-
nium determined by X-ray diffraction peak profile analysisKristallogr.
Suppl., 23, 99-104 (2006)

[S20] Fatay, D., Spassov, T., Delchev, P., Ribarik, G., Réyéd., Microstruc-
tural development in nanocrystalliddgH, during H-absorption/desorption
cycling, International Journal of Hydrogen Energy, in press (2007)

[S21] Ungar, T., Castelnau, O., Ribarik, G., Drakopoulos, Béchade, J. L.,
Chauveau, T., Snigirev, A., Snigireva, |., Schroer, C. aadrBix, B., Grain
to grain slip activity in plastically deformed Zr determéhy X-ray microd-
iffraction line profile analysisActa Materialia, 55, 1117-1127 (2007)

[S22] Ungar, T., Glavicic, M. G., Balogh, L., Nyilas, K., &ah, A. A., Ribarik,
G., Semiatin, S. L., The Use of X-Ray Diffraction to DetermiSlip and
Twinning Activity in Commercial-Purity (CP) Titaniunmiat. Sci. Eng. A,
in press (2007)



