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THE EXPLOITATION OF X-RAY DIFFRACTION IN CHARACTERISATION OF
STRENGTH OF HOT-ROLLED AND COLD-DRAWN FERRITIC-PEARLITIC STEEL

D. Simek’, D. Rafaja’, M. Motylenko', V. Klemm', C. Ullrich’, A. Oswald? R. Schmidtchen®
and G. Lehmann?

'Institute of Materials Science, TU Bergakademie Freiberg, D-09599 Freiberg, Germany
®Materials Forming Institute, TU Bergakademie Freiberg, D-09599 Freiberg, Germany
simek@fzu.cz

A series of samples of the C45 (0.45 wt.% C) steel was pre-
pared by hot rolling with different thermomechanical his-
tory in an industrial-type rolling stage (e.g. rolling
temperature and speed, cooling rate). The microstructure of
resulting material was ferritic-pearlitic with a pearlite vol-
ume fraction ranging from 57 to 90%; the mean inter-
lamellar spacing in the pearlite varied between 180 and
270 nm. An equally-spaced arrangement of misfit disloca-
tions was found at the ferrite/cementite interfaces. The
microstrain they generate was observed in the X-ray dif-
fraction by means of anisotropic line broadening; the den-
sity of the dislocations was proved to be proportional to the
density of the lamellas. The dislocation density was found
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to correlate with the ultimate tensile strength (UTS) of the
steel in the tensile test as well as the density of the lamellas.
Upon gradual cold drawing through conical dies, the dislo-
cation density observed in X-ray increased up to about 50%
of elongation, the UTS was still well-following its depend-
ence on the dislocation density, while the density of pearlit-
ic lamellas remained intact. The X-ray diffraction can thus
be utilised for an instant and non-destructive estimation of
UTS of hot-rolled ferritic-pearlitic steels and cold-drawn
steels with moderate grade of cold deformation.

Extended contribution submitted.

RONTGENOVA DIFRAKCNA ANALYZA TROSIEK.
EBSD ANALYZA OBALOVYCH PLECHOV

Martin Cernik
US Steel Kosice

Extended contribution to be submitted.
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NOVE MOZNOSTI DIFRAKTOMETRU RIGAKU SMARTLAB

Jifi Marsik

Rigaku Innovative Technologies Europe

Lectures - Session III, Tuesday, June 21

L10

KVALITATIVNi A KVANTITATIVNIi FAZOVA ANALYZA

Jaroslav Fiala

Vyzkumné centrum Nové Technologie, Zapadoceska univerzita v Plzni
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ZKUSENOSTI S PRASKOVOU MIKRODIFRAKCI VE FORENZNi PRAXI
M. Kotrly

Kriminalisticky astav Praha, Strojnicka 27, Praha 7
kup321@mvcr.cz

Féazova analyza je ve forenzni oblasti jednou ze zékladnich
uloh. VétSina expertiz v kriminalistice se zabyva
ur¢ovanim, popisem a komparacemi prakticky libovolnych
latek, které mohou pfijit do styku s osobami ¢i predméty. V
obecném piipadé se ve forenzni laboratofi lze setkat s
materidly jak pfirodniho ptvodu, tak i libovolnymi
hmotami vzniklymi ¢innosti ¢lovéka a laboratot by méla
byt schopna fazi urcit. V tomto kontextu jsou samoziejme
velmi vyznamné i moznosti rentgenovych metod.

Samoziejm¢ ale ani XRD metody nejsou samo-
spasitelné a jsou obvykle pouzivany v kombinacich s
dal§imi metodami (zejména SEM-EDS/WDS, Ramanova
mikrospektrometrie, optickd mikroskopie, XRF, FTIR
apod.).
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Klasické aplikace XRD metod vsSak nardzeji ve
forenzni oblasti na jeden zakladni problém, kterym je
mnozstvi materidlu, resp. potfeba analyzovat pfesné
definované misto, jehoz velikost je alespon fadove
srovnatelnd s velikosti plochy analyzované dal§imi
metodami — pfedev§im optickou a elektronovou
mikroskopii a mikroanalyzou (EDS/WDS/mikroXRF).
rentgenové praskové mikrodifrakce. V Kriminalistickém
ustavu Praha (KUP) je vyuzivan systém kombinace bézné
rentgenky, kapilary fokusujici rentgenovy svazek do
priméru okolo 0,1 mm, a pozi¢né citlivého detektoru.
Extended contribution to be submitted.

HIGH-BRILLIANCE LOW-MAINTANACE MICROFOCUS SOURCES FOR
DIFFRACTOMETRY

Till Samtleben, Bernd Hasse, Andreas Kleine, Jurgen Graf, Jorg Wiesmann,
Carsten Michaelsen

Incoatec GmbH, Max-Planck-Strasse 2, 21502 Geesthacht, Germany

Modern microfocus X-ray sources define the state-of-
the-art for a number of applications such as protein crystal-
lography and small-angle scattering in the home lab. These
sources have small anode spots of 50 pm or less. They are
usually combined with two dimensional multilayer mirrors
as beam-shaping devices that image the source spot onto
the sample position, magnified to a suitable size, and de-
liver a parallel or focused monochromatic beam.

The Incoatec microfocus source IuS incorporates the
optimized combination of an extremely bright and very du-
rable stationary air-cooled microfocus source and the latest
type of two-dimensional beam shaping

multilayer Montel optics, the Quazar optics.

The source is available with copper, molybdenum, chrome
and silver radiation; optics for focusing or collimating the
beam are available.

The IuS is usable for single crystal diffraction, small
angle x-ray scattering, materials characterization, powder
diffraction, and other applications as well. We will show
latest applications of the IuS equipped with different
two-dimensional beam shaping multilayer optics.

The applications and results presented here are showing
the versatility of the IuS. The source can be used for all
kinds of experiments and can easily be integrated in all
kind of setups.

Figure 1. Bruker APEX DUO, equipped with Cuand Figure 2. Upgrade of a Huber Figure 3. Replacement of a Mo sealed tube

Mo, IuS.

goniometer with a Ag , IuS.

with a Mo IuS on a Bruker AXS X8.
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HIGH-ENERGY MILLING INDUCED CALCITE TO ARAGONITE TRANSFORMATION IN
EGGSHELL

A. Zorkovska and P. Balaz

Institute of Geotechnics, SAS, Watsonova 45, 043 53 KoSice, Slovak Republic
zorkovska@saske.sk

Eggshell biomaterial has been mechanically activated in a
planetary mill Pulverisette 6 (Fritsch, Germany) in air for
increasing time (15— 960 min.). X-ray diffraction study of
the milling products has been carried out using a D8 Ad-
vance diffractometer (Bruker, Germany), the diffraction
patterns were treated with the MAUD and Diffrac™ Topas
software.

The analysis has revealed an extensive and fast cal-
cite-to-aragonite transformation, what is a polymorphous
transformation of CaCOj; from trigonal to orthorhombic
crystal system. The process started after 15 min. of milling.
The volume fraction of the aragonite phase reached maxi-
mum (~65%) after 240 min. of milling, the mechano-
chemical equilibrium between phases was established after
960 min.

The Slovak Grant Agency VEGA (project 2/0009/11), the
Agency for Science and Development (project APVV-
0189-10) and the project “Centre of Excellence of Ad-
vanced materials with Nano- and Submicron—Structure”
(“nanoCEXmat”) financed by the European Regional De-
velopment Fund are gratefully acknowledged. The SEM
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Figure 1. XRD spectra of high-energy milled eggshell. Duration
of milling indicated in the graph.

microphotographs have been kindly provided by the Inter-
national Laser Center in Bratislava (J. Kovac, A. Satka)

Extended contribution submitted..

GROWTH OF SAPPHIRE PROFILES BY EFG METHOD AND THE USE IN
STRUCTURAL ANALYSIS

J. Polak

Crytur spol. s. r. 0., Palackého 175, Turnov, 51101
polak@crytur.cz

Single crystalline aluminum oxide - sapphire - belongs to
one of the most important artificially produced material
due to its unique physical and chemical properties. Sap-
phire has a high refractive index and a broad transmission
band spanning the ultraviolet, visible and infrared bands.
Sapphire is very hard material (Moh’s 9) and has an ex-
traordinary mechanical strength up to melting point 2053
°C, very good thermal conductivity, high electric resistivity
and outstanding chemical resistance even to strong acids,
bases and fluorination agents. All this makes sapphire a
much sought-after material in industry and science.
Typically is sapphire grown as bulk crystal by
Czochralski or Kyropoulos method. However crystal ma-
chining is difficult in comparison to other materials due to
its high hardness. First growth of profiled single crystal
sapphire was published in 1971 by La Belle and Mlavsky
(TYCO laboratories) [1]. EFG (Edge-defined Film-fed

Growth) method is in principle similar to older one (1953)
of A. V. Stepanov for growth of shaped single crystals of
metals [2]. Review of modern modifications of EFG and
related methods was published [3][4]. Main advantages of
EFG method are growth of near net shape decreasing pro-

Table 1. Absorption coefficients and transmittance at important
Ko lines

Kou(keV) | (o ;1‘2/2_1) d (cm) T
Cu 8.04 3.24E+01 | 0.10 0.0%
Mo 17441 | 3.09E+00 |  0.10 29.2%
w 58.856 | 2.46E-01 0.10 90.7%

© Krystalograficka spole¢nost
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Figure 1. Absorption coefficients of Al,O; - sapphire in depend-
ence of radiation energy.

duction costs, possibility of growth of complicated shapes
and large scale profiles, faster growth rate and also auto-
mated process control.

Crytur produces sapphire single crystals, rods, ribbons,

tubes and fibers since 1978 and is the only EU manufac-
turer of the EFG sapphire today.
Sapphire tubes are used in various industrial and scientific
applications demanding extraordinary material properties.
High pressure, high temperature, together with harsh
chemicals are the right reason to use sapphire tube instead
of quartz or corundum ceramics. Tubes produced by EFG
method can be designed to according to demands of spe-
cific applications like UV/VIS/IR measurements, nuclear
magnetic (NMR) or X-ray (XRS) spectroscopy.

High pressure MNR tubes have to take hold of enough
volume and typical outside diameter is 10 or 5 mm and wall
thickness 1 - 1.5 mm. Pressures used during measurements
are in range 10-150 MPa, the highest pressure require tubes
with special collar design and post growth tube annealing
[5].

In XRS high pressure XRS capillaries are used. Outside
diameter of such a capillary is typically 1.57 mm (1/16"
compatible with laboratory equipment) or 1.0 mm and wall
thickness 0.2 - 0.4 mm are used. Crucial parameter for XRS
is absorption coefficient of sapphire for Ka lines of X-ray
sources.

The maximum pressure p,,, is a function of the tensile
strength 1 of the material and the quotient of the outer and
inner diameters d, and d;. According to [5] relation can be
approximately expressed as

Pu =7In(dg /d]) &)

Due to possible presence of material defects like bub-
bles or material stress in sapphire cell the maximum operat-
ing pressure has to be verified by internal pressure test.
Some tubes show time dependent pressure threshold, this
process will be further studied. Also pressure test at ele-
vated temperature will be important to set conditions which
sapphire cell can withstand.
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Figure 2. Pressure test of sapphire capillary OD/ID 1.0/0.6 mm,
tube burst at 1550 bar after 7.5 min.

1. H. E. LaBelle, Jr., Nature, 216, (1967), 574.

2. A.V.Stepanov, Zh. Tech. Fiz., 29, (1959), 382 (in Rus-
sian).

3. P. I Antonov, Progress in Crystal Growth and Character-
ization of Materials, 216, (2002), 63.

3. E.R. Dobrovinskaya, Sapphire: Material, Manufacturing,
Applications, Springer. 2009.

5. M. R. Arnold, Journal of Magnetic Resonance, 161,
(2003), 127.

My great acknowledgement to our colleagues M. Steinhart
(University of Pardubice) and W. Kremer (University of
Regensburg) for pressure tests of XRS and NMR sapphire
cells.
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